Materials data handbook:  Aluminum alloy 7075 by Whittick, J. S. & Muraca, R. F.
MATERIALS DATA HANDBOOK 
Aluminum Alloy 7075 
(2nd Edition) 
Revised by 
R .  F .  Muraca 
J .  S .  Whittick 
April 1972 
C8-113793 
Prepared f o r  
National Aeronautics and Space Administration 
Marshall Space Flight Center, Alabama 35812 
George C.  Marshall Space Flight Center 
Contract No. NAS8-2.6644 
cu WESTERN APPLIED RESEARCH & DEVELOPMENT, INC. \ 
4 
4 1403-07 Industrial Road San Carlos,  California 94070 
https://ntrs.nasa.gov/search.jsp?R=19720022809 2020-03-11T19:31:14+00:00Z
PP-E FACE 
The revised edition of the Materials Data Handbook on the aluminum 
alloy 7075 was prepared by Western Applied Research & Development, Inc. 
under contract with the National Aeronautics and Space Administration, 
George C. Marshall Space Flight Center, Marshall Space FligLt,  Center, 
Alabama. It is a revised and updated version of the Handbook originally 
prepared by the Department of Chemical Engineering and hletallurgy at 
Syracuse University, August 1966. 
It is intended that this Handbook present, in the form of a single 
document, a summary of the materials property information presently 
available on the 7075 alloy. 
The Handbook is divided into twelve (12) chapters. The scope of 
the information presented includes physical and  mechanical property data 
a t  cryogenic, ambient and elevated temperatures , supplemented with useful 
information in such areas as material procurement, metallurgy of the 
zlloy, corrosion, environmental effects, fabrication and joining techniques. 
Design data a r e  presented, as available, and these data are  complemented 
with information on the typical behavior of the alloy. The major source 
used for the design data is the Department of Defense document, Military 
Handbook- 5A.  
Information on the alloy is given in the form of tables and figures, 
supplemented with descriptive text as appropriate. Source references for 
the information presented a r e  listed at the end of each chapter. 
Throughout the text, tables, and figures, common engineering units 
(with which measurements were made) a r e  accompanied by conversions to 
International (SI) Units, except in the instances where double units would 
over-complicate data presentation, or  where SI units are  impractical (e. g .  , 
machine tools and machining). In these instances, conversion factors a re  
noted. A primary exception to the use of SI units is the conversion of 1000 
pounds per square inch to kilograms per square millimeter rather than 
newtons, in agreement with the ASTM that this unit is of a more  practical 
nature for worldwide use .  
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TABULARABSTRACT 
Aluminum Alloy 7075 
TYPE: 
Wrought, heat treatable aluminum alloy 
NOMINAL C 0 MPOSITION: 
Al-5.6Zn-2.5Mg-1.6Cu-0.3Cr 
AVAILABILITY : 
Bare and clad sheet and plate, rod, bar ,  wir  tube, extruded shapes, 
rolled rings, forgings, and forging stock 
TYPICAL PHYSICAL PRdPERTIES; 
Density . . . . . . . . . . . . . . . . . . . . . . . . . .  2.80 g/cm3 at room temperature 
Thermal Conductivity (T6 temper)--- 0.31 cal/cm/cm / C/sec  a t  25°C 
Av. Coeff. of Thermal Expansion - - -  23.6 pcm/cm/'C (20-1OO0C) 
Specific Heat . . . . . . . . . . . . . . . . . . . . .  0 . 2 3  cal/g OC at 100°C 
Electrical Resistivity (T6 temper) -- 5.2 microhm-cm a t  2OoC 
2 0  
TYPICAL MECHANICAL PROPERTIES: 
Ftu 
E'ty 
e(2inch, 50.8 mm) (0 temper) ------ 17 percent 
(T6, T651 tempers) - - - - - -  11 percent 
E (tension) . . . . . . . . . . . . . . . . . . . . . . .  10.4 x l o 3  ksi  (7 .3  x l o3  kg/mma) 
(0 temper) - - - - - - - - - - - - - -  33.0 ksi  (23.2. kg /mm2)  
(T6, T651 tempers) - - - - - - - - - - - - -  83.0 ksi  (50.4 kg/mm2) 
(0 temper) - - - - - - - - - - - - - -  15.0 ksi  (10.5 kg/mm2)  
(T6, T651 tempers) - - - - - - - - - - - - -  73.0 ksi  (51.3 kg/mm2) 
FABRICATIOK CXAiIAC T E N S  TICS: 
Weldability . . . . . . . . . . . . . . . . . . . . . .  Fusion methods not recommended; 
resistance methods satisfactory in 
all heat treated tempers if proper 
procedures a r e  employed. 
Good in the annealed condition; 
difficult to form in heat treated 
tempers.  
Machinability - - - - - - - - - - - - - - - - - - -  Good in the 0, F, or  W tempers;  
more  difficult in heat-treated and 
hardened tempers.  
Formability - - - - - - - - - - - - - - - - - - - - - 
COMMENTS: 
A very high strength aluminum alloy with good forming and machining 
characterist ics.  Alloy is resistant to stress-corrosion cracking in 
T73 temper.  
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SYMBOLS 
a 
A 
ii 
AC 
A M  
Ann 
ASTM 
Av o r  Avg 
B 
b 
bcc 
BHN 
br  
Btu 
OC 
C 
CD 
CF 
c m  
CW 
CVM 
D o r  Dia 
DPI1 
e 
E 
E, 
Et 
eV 
OF 
f 
Fbru 
Fbry 
One-half notch section dimension 
Area of c ross  section; ItA" basis for mechanical 
property values (MIL-HDBK-SA) 
Angstrom unit 
Air cool 
Ae r o spa c e Mat e rial Spec if ic a t ion s 
Annealed 
American Society fo r  Testing Methods 
Average 
llBll basis for mechanical property values (MIL- 
Subscript I1bending1' 
Body centered cubic 
BriEell hardness number 
Subscript bearing" 
British thermal wlit(s) 
HDBK- 5A) 
Degree (s ) Celsius 
Sub s c r ip t I c o mp r e s s ion' 
Cold drawn 
Cold finished 
Centimeter 
Specific heat 
Cold rolled 
Cold worked 
Consumable vacuum melted 
Diameter 
Diamond pyramid hardness 
Elongation in percent 
Modulus of elasticity, tension 
Modulus of elasticity, compression 
Ratio of edge distance to hole diameter 
Secant modulus 
Tangent modulus 
Electron volt (s ) 
Degree (s ) Fahrenheit 
Subscript I1fatiguel1 
Bearing ultimate strength 
Bearing yield strength 
V 
fcc 
FC 
FCY 
Fsu 
Ftu 
FtY 
G 
HAZ 
h r  
HT 
hCP 
IACS 
in 
ipm 
OK 
KC 
K 
kg 
KIc 
ks i  
Kt 
L 
lb  
LT 
M 
m 
M 
Max 
ml 
MIL 
Min 
mm 
N 
NSR 
NTS 
OQ 
PPm 
Pt 
Face centered cubic 
Furnace cool 
Compressive yield strength 
Shear s t ress ;  shear strength 
Ultimate tensile strength 
0.270 tensile yield strength (unless otherwise indicated) 
Gram 
Modulus of rigidity 
Heat affected zone in weldments 
Hexagonal close pack 
Hour ( 8  ) 
Heat treat  
Int e nat ional  annealed copper standard 
Inch 
Inches per minute 
Degree(s) Kelvin 
Stress intensity factor; thermal conductivity 
,vIeasure of fracture toughness (plane s t ress )  at point of 
crack growth instability 
Kilogram 
Piane strain fracture toughness value 
Thousand pounds per aquare inch 
Theoretical elastic s t r e s s  concentration factor 
Lonz i tudinal 
Pow.d 
Long transveree (same as  transverse) 
BendLig moment 
Meter 
Subscript I'mean'l 
Maximum 
Millilitt r 
Military 
Minimum 
Millime t t! r 
Cycles to failure 
Notch strength ratio 
Notch tensile strength 
Oil quench 
Parts  per million 
Point; part 
vi 
r 
R A  
RB 
RC 
rPm 
RT 
SA 
sec 
S- N 
Spec 
ST 
STA 
T 
t 
Temp 
tm 
V a r  
VHN 
W 
WQ 
Radius 
Rdduction in area;  Rockwell hardness A scale 
Rockwell hardness B scale 
Rockwell hardness C scale 
Revolutions per minute 
Room temperature 
Solution anneal 
Second 
S = st ress;  N = number of cycles 
Specific ations ; specimen 
Solution treat; short transverse 
Solution treated and aged 
Transverse 
Thickness; time 
Temperature 
Typical 
V a r i ab1 e 
Vickers hardness number 
Width 
Water quench 
vii 
CONVERSION FACTORS 
To Convert To 
angstrom units 
Btu/lb/OF 
Btu/ft2 /sec/'F-inch 
circular mil 
cubic feet 
cubic feet/minute 
cubic inches 
feet 
foot-pounds 
gallons (U. S. ) 
inches 
k s i  (thousand pounds 
microns 
mils 
ounces (avoir. ) 
ounces (U.S. fluid) 
pounds (avoir . ) 
per  square inch 
roounds /foot 
pounJs/cubic foot 
square feet (U.S.) 
square inches (U.S.) 
millimeters 
cal/g/' c 
cal/g/cma /sec/OC-cm 
square centimeters 
cubic meters 
litGrs/second 
cubic centimeters 
meters 
kilogram-meters 
l i t e rs  
millimeter s 
kilograms / square millimeter 
mill imeters 
mill imeters 
grams 
milliliter B 
kilograms 
kilograms /meter 
grams /cubic centimeter 
square meters 
square centirnetera 
Multiply By 
1 x 10-7 
1 
1.2404 
5,067 075 ii 10" 
0.028 317 
0.4720 
16.387 162 
0.304 800 609 
0.138 255 
3 . 7 8 5  41; 784 
25.4 
0.70307 
0,001 
0.0254 
28.349 527 
29.5729 
0.453 592 37 
1.488 16 
0.016 01.8 463 
0.092 903 41 
6.42~ 625 8 
Temperature in OC = (OF - 32) (5/9) 
Temperature in OK = 'G t 273.15 
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Chapter 1 
GENERAL INFORMATION 
1.  1 Aluminum alloy 7075 is a high strength, heat-treatable wrought 
alloy developed by the Aluminum Company of America in 1943. 
The  alloy contains zinc, magnesium, chromium, and copper as 
hardeners plus small. additiocs of other elements. 
1 .2  Aluminum 7075 responds to an age-hardening heat treatment that 
produces exceptionally high mechanical properties.  This alloy, 
however, exhibits some degree of notch sensitivity. The alloy h a s  
good formability in the annealed and solution- treated conditions a t  
ambient temperatures, and in the T6 condition a t  elevated temp- 
eratures .  Alloy 7075 exhibits good machining qualities in the an- 
nealed state; littl- or  no warpage occurs  during the age-hardening 
treatments. Its resistance to corrosion is good and improves further 
with heat treatment and aging. T h e  alloy is resistant to s t ress -  
corrosion cracking in the T73 temper. Alloy 7075 can be resistance 
welded, but fusion welding is generally not recommended. The 7075 
alloy is available in a f u l l  range of commercial sizes for sheet and 
plate, extrusions, iorgings, bar, rod, \= l i re and tube. Alclad sheet 
and plate a r e  also available (refs.  1 .1  through 1 . 5 ) .  
1 . 3  Tvpical areas of applications for the 7075 alloy a re  in aircraft 
structures,  piping systems, mobile equipnnent, and high pressure  
hydraulic ,tiits. 
1 . 4  General Precautions 
1.41 This alloy exhibits sensitivity to s t ress  concentration (notch sens- 
itivity), particularly at cryogenic tern-peratures, and this sensitivity 
should be recognized in the use of this material. 
1.42 Overheated material exhibiting eutectic melting o r  material oxidized 
at high temperature should not be used and cannot be salvaged by 
reheat treating. 
1 .43 Quench Operations should bc performed as rapidly as possible to 
develop full hardening potential. 
1.44  Prolonged heating or  repeated heat treatments of clad material 
may cause diffusion of alloying elements into the coating and impair 
the resistance to corrosion. 
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Ctiq . er 2 
PROCUREMENT INFORhWTION 
2.1 Ceceral. Aluminum alloy 7075 is available commercially in a 
f u i l  range of sizes for sheet, strip, plate, bar, wire, seamless 
tube, forgings, shapes, and estrusions. Letailed tables of stand- 
ard sizes and tolerances for the  various products available are 
given in references 2.1 and 2.2.  
2.2 Procurement Specifications. Specifications that apply to the 7075 
alloy as of May 1971 are listed in table 2 . 2  for various products 
and tempers. 
2 . 3  Comparison of Specifications. Federal  procurement specifications 
a r e  applicable to 7075 extruded bar, rod, shapes and tube; rolled 
o r  drawn bar, rod, wire and shapes; bare and clad sheet and plate 
(also clad one side only); forgings and rivet wire.  Military spec- 
ificatio s apply to sheet and plate (clad one side on--gings 
and impact extrusions. ASTM specifications apply to all wrought 
products except roll-capered clad sheet and plate, and clad sheet 
and plate, and clad one-side-only, forging stock and impact ex- 
trusions. AMS specifications cover all wrought products except 
rivet wire. 
2 . 4  biajor Producers of the Alloy (United States only) 
Aluminum Company of America 
1501 Alcoa Building 
Pittsl urgh, Pennsylvania 
Harvey ALuminum 
G e n e r a l  Offices 
Torrance, California 
Kaiser Aluminum and Chemical Corp. 
919 North Michigan Avenue 
Chicago, Illinois 
Oli I- Mathieson Chemical Corporation 
460 Park Avenue 
New York, New York 
Reynolds Metals Company 
6601 West Broad Street 
Ric hrnond, Virginia 
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2 . 5  Available Forms,  Sizes, and Conditions 
2 .  51 The available forms,  s i z e s ,  conditions, and tolerances for various 
7075 alloy products are  given in detail in references 2 . 1 ,  2,2, 2 . 5 ,  
and 2 . 1 1 .  
4 
TABLE 2.2. - Procurement Specifications (a) 
Source 
0 
T6 
T651 
F 
0 
T651 
T6 
7075 
QC -A- 25 0 / 1 2d 
QQ-A-250/12d 
QU-A-250/12d 
QQ-A-250/ 12d 
QQ-A-250/13d 
QQ -A- 2 5 0 / 1 3d 
QQ-A-250/13d 
I Product 
T6 
F 
b====-- S eet an p atc 
- QQ-A-250118d 
MIL-A-8902 QQ-A-250/ 18d 
Clad sheet and 
plate (both 
sides) 
0, F, T6 
T6 
0, H13 
T652 
T6 
T73 
T6 
T652 
T73 
Clad sheet and 
plate (one side 
,nly 1 
MIL-A-12545B 
MIL-eA-12545B 
- QQ-A-430a 
QQ-A-36; g 
MIL-A-22771 B QQ-A-367g 
MIL-A-22771 B 
MIL-A-22771 B QQ-A-367g 
MIL-A-22771 B QQ-A-367g 
MIL-A-22771 B 
Clad sheet and 
plate (roll 
taper)  
4170 
4139F 
Impact 
extrusions 
Rivet wire 
144B 
144B 
144B 
144B 
144B 
144B 
Die forgings 
Hand forgings 
4139F 
4154J 
41 68C 
41691) 
41223 
41232) 
Forging stock 
Bar, rod, 
shapes, tubes 
(extruded 
or CF)  
389 
389 
389 
389 
389 
389 
389 
389 
Bar, rod, wire,  
shapes (rolled 
o r  drawn) 
0 
F 
T6 
T651 
T6510 
T6511 
T73 
Refs. 2.3, 2.4, 2.6, 2.7, 2.8, 2.9, 2.10 
Temper1 Military I Federal I ASTM 
B209-71 
B209-71 
B209-71 
B209-71 
B209-71 
6209-71 
O’ T651 Th’ 1MJ.L-A-8902 IQQ-A-250/18dlB209-71 
T6 I 
QQ-A-200/ 11 c 
QQ - A- 200 / 1 1 < 
QQ-A-200/1 I C  
QQ- A- 200/ 1 1 c 
QQ-A- 22 5 / 9~ 
QQ-A-225/9~ 
QQ-A-22519~ 
QQ-A-225 /SC 
B209-71 
- 
B247-7C 
B221-71 
B221-71 
B221-71 
B221-71 
B221-7: 
B211-71 
B211-71 
B211-71 
40453 
40386 
t 40483 4049F 4038C - 4046C - 
4047B 
(a) Specified as of May 1971 
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Olin Aluminum, llOlin Aluminum Mill Products and Casting Alloys,11 
1970. 
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Chapter 3 
METALLURGY 
3 .1  
3.11 
3.111 
3.12 
Chemical Composition 
Nominal chemical composition of 7075 alloy, in percent ( ref .  3.1). 
Zn 5 .6  
Mg 2 . 5  
c u  1 .6  
Cr 0 . 3  
A1 Balance 
Sheet and plate a r e  available in the Alclad condition. Cladding 
material is  7072 alloy; nominal composition, in percent: 
Zn 1 .0  
Al Balance 
Cladding may be applied to both sides o r  to one side only. 
nominal cladding thickness per side is 4 percent of the total com- 
posite thickness i f  the latter is 0.062 inch o r  below, 2.5 percent 
if the total thickness is between 0.062 and 0.187 inch and 1 .5  per- 
cent i f  the total thickness is 0.188 inch o r  over. For thicknesses 
of 0.500 inch and over with 1 .5  percent cladding, the average 
maximum thickness of cladding per side after rolling to specified 
plate thickness will be 3 percent of the plate thickness, as deter- 
mined by averaging cladding thickness measurements taken at  
100-diameter magnification on the cross section of transverse 
samples polished and etched for microscopic examination (refs.  
3.1, 3.2).  (Note: 1 inch = 25 .4  mm.) 
The 
Chemical composition l imits,  in percent (ref. 3.1). 
Zn 
Mg 
c u  
Cr 
Fe 
Si 
Mn 
Ti 
Others 
Each 
Total 
A1 
5.1 - 6 . 1  
2.1 - 2 . 9  
1.2 - 2.0 
0.18 - 0 .35  
b . 5  max 
0 .4  rnax 
0 .3  rnax 
0 . 2  max 
0.Q5 rnax 
0.15 max 
Balance 
Conformity with these composition limits is normally checked by 
spectrochemical analysis o r  in accordance with the Drocedure out- 
lined in ASTM E34, "Standard Methods for  Chemical Analysis of 
Aluminum and Aluminum Base Alloys11 (ref. 3.1). 
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3.13 Alloying Elements. The principal alloying elernents a r e  zinc, mag- 
nesium, copper, and chromium, with lesser  amounts of Fe, Si, Mn, 
and Ti. The  aluminum-rich portions of the binary equilibrium dia-  
grams for each of these principal elements a r e  given in figures 3. l 
and 3.2.  The principal hardening constituent is a Zn-Mg phase. The 
particular comb'.ilation of zinc, magnesium, and copper, with the 
addition of 0 .3  percent chromium, was selected for this alloy to 
give very high strength and good resistance to stress-corrosion 
cracking (ref.  3.4).  The amount of protection provided by cladding 
depecds on the thickness and purity of the cladding material, and 
also on the heat treatments employed. 
3.2 Streng':hening - Mechanism 
3.21 General. The alloy is strengthened by precipitation hardening and 
cold work. Upon quenching f rom the solution temperature to room 
temperature, a Zn-Mg phase precipitation occurs in the form of sub- 
microscopic particles which a r e  obstacles to plastic flow and thus 
cause hardening. The major precipitating constituent has been iden- 
tified as LMgZn, (ref.  3.5). 
3.22 Heat Treatment (refs.  3.1, 3.2, 3.6) 
3.221 Anneal (0 condition!. All products: heat to 41 3' to 454'C, hold 2 to 
3 hours, air cool, follow by heating to 232'C for about 6 hours (ref.  3.6). 
3.221 1 Anneal to remove cold work. All  products: heat tu 349OC. Time a t  
temperature and cooling ra te  a r e  not cri t ical  (ref. 3 . 2 ) .  
3.222 Solution Treatment (W condition) (ref. 3.6) -. 
Rolled or  drawn products: Heat to 460' to 499OC, hold 10 minutes to 
1 hour in salt  bath, or  longer time in air; for heavy sections, 
quench in cold water. Sheet under 0.051 inch (1.295 mm) should 
be solution treated at 488' to 499OC. 
Extruded products: Heat to 460' to 47loC, hold 10 minutes to 1 hour 
in salt  bath, o r  longer time in air; for heavy sections, quench 
in cold water. 
Forged products: Heat to 460' to 477OC, hold 10 minutes to 1 hour 
in salt bath, o r  longer t ime in air; for heavy sections, quench 
in cold water. 
Recommended soaking times for solution heat treatment of all wrought 
products a r e  given in table 3.1. 
times range from 5 to 15  seconds, depending on thickness ( ref .  3.6). 
Maximum allowable quench delay 
3.2221 Caution should be exercised in the control of the solution treating 
temperature. If the temperature is too high it may cause solid solu- 
tion grain boundary melting which cannot be corrected by scbsequent 
8 
heat treatment operations. 
incomplete solution of the hardening constituents with a loss in 
hardening potential. 
Low temperature may result in 
3 . 2 2 3  Precipitation Treatment (T6 condition). Heat solution treated 
material to 110' to 127"C, hold 22 hours minimum. Cooling 
rate  is not cri t ical  (ref.  3 . 6 ) .  
3 . 2 2 4  Other Treatments. The alloy can also be hardened by cold work, 
but this procedure is not generally used to develop strength in 
commercial tempers except for rivet wire (H13 condition). Cold 
work, however, is employed f o r  s t r e s s  relief and for  straight- 
ening. The available tempers and treatments employed for 
various products a r e  listed in table 3 . 2 .  
3 . 3  Critical Temperatures. Melting range is approximately 477 
to 6 3 8 ° C .  
3 . 4  Crystal Structure. Face-centered-cubic matrix. The lattice 
parameter of alvminum decreases with the addition of zinc from 
a. = 4.0410 x 
perccnt zinc (ref. 3 . 4 ) .  
a t  0% zinc to 4.030 x 10' -mm at  1 2 . 2  atomic- 
3 . 5  Microstructure. Figure 3 . 3  i l lustrates the grain structure of 
7075-T6 rolled rod. 
in figure 3.4.  
The grain structure of thick plate is shown 
Hot worl.ing causes a breaking u p  and distribution of constituents. 
For example, CrA1, segregation may occur if the Cr content is 
too high or  the ingot casting teniperature is too low. The seg- 
regation of this hard  brittle compc*md can cause cracking, low 
strength, and difficulty in machining (ref. 3 . 5 ) .  
References 3 . 5  and 3 . 7  a r e  recommended as excellent sources 
of information on the identification of constituents and phases 
in aluminum alloys. 
3 . 5 1  Metallographic Procedures: In general, mechanical polishing is 
preferred to electropolishing, especially where la rger  micro- 
constituents a r e  present and the material  is relatively soft, as 
objectionable relief effects produced by the electrolytic polishing 
technique may cause a misinterpretation of the microstructure 
(ref. 3 . 5 ) .  For homogeneous alloys, and for those conditions 
containing only finely dispersed particles, the electrolytic methor 
is excellent. Preparatory polishing on metallographic polishing 
papers 0 to 000 should be performed wet with a solution of 50 g 
paraffin in  1 l i ter  kerosene to keep the specimen bright and avoic 
imbedding of grinding compound particles into the soft spccinien 
surface. Rough polishing on a "Kitten's Eartt  broadcloth at 250 
to 300 rpm with suspended 600 grade aluminum oxide and final 
polishing on a similar wheel a t  150 to 200 rpm with heavy mag- 
nesium oxide powder is recommended (refs. 3 . 4 ,  3 . 7 ) .  
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An alternate and popular method consists of the following steps: 
(a) Wet polishing (flowing water with 240 grit  silicon carbide 
paper at  approxiniately 250 rpm.  
(b) Wet polishing with 600 grit  silicon carbide paper a t  
approximately 250 rpni. 
( c )  Polishing with 9-1~7-n diamond paste on nylon cloth a t  
150 to 200 rpm using a mild soap solution for lubrication. 
(d) Final polish on a vibratory polisher using a microcloth 
containing a s lurry of methyl alcohol and 0.1 -1m aluminum 
oxide powder. A s lur ry  of 0.1-pm aluminum oxide powder 
in a 1070 solution of glycerine in distilled water may also 
be used for  this step. 
Etching reagents should be suited to the objective of the study. Ksller's 
etch reveals microstructural details and grain boundaries satisfactorily. 
A 10% solution of NaOH gives better details of the microstructural con- 
stituents but docs not delineate the grain boundares. Study of the "as 
polishedf1 surface prior to etching may also give valuable information 
on the types of constituents present, especially when attention is paid 
to the colors of the varions particles.  Macroscopic studies of cracks,  
gross defects, forging lines, and grain striicture should be made with 
the etching solutions given in table 3.  3. Etching reagents for  reveal- 
ing microstructure a r e  listed in table 3.4.  
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TA-?LE 3.1. - Soaking Time for  Solution Treatment of 7075 Products 
Source 
Thickness, inches (b, f )  
0.016 and under 
0.017 to 0.020 incl. 
0.021 to 0.032 incl. 
0,033 to 0.063 incl. 
0.064 to 0.090 incl. 
0.091 to 0.125 
0.126 to 0.250 incl. 
0.251 to 0.500 incl. 
0.501 to 1.000 incl. 
1.001 to 1.500 incl. 
1.501 to 2.000 incl. 
2.001 to 2.503 incl. 
2.501 to 3.000 incl. 
3.001 to 3.500 incl. 
3.501 to 4.000 incl. 
Ref. 3.6 
Soaking time, minutes (a) 
Salt Bath 
min 
10 
10 
15 
20 
25 
30 
35 
45 
60 
90 
105 
120 
150 
165 
180 
15 
20 
25 
30 
35 
40 
45 
55 
70 
100 
115 
130 
160 
175 
190 
Air Furnace 
20 
20 
25 
30 
35 
40 
50 
60 
90 
120 
150 
180 
210 
240 
270 
25 
30 
35 
40 
45 
50 
60 
70 
100 
130 
160 
190 
220 
250 
280 
Longer soaking times may be necessary for  specific forgings. 
Shorter soaking times are satisfactory when the soak time is 
accurately determined by thermocouples attached to the load. 
The thickness is the minimum dimension of the heaviest section. 
Soaking time in salt-bath furnaces should be measured from the 
time of immersion, except when, owing to a heavy charge, the 
temperature of the bath drops below the specified minimum; in 
such cases, soaking time should be measured f rom the time the 
bath reaches the specified minimum. 
Soaking time in air furnaces should be measured from the time 
all furnace control instruments indicate recovery to the min- 
imum 9th process range. 
For alclad materials,  the maximum recovery t ime (time be- 
tween charging furnace and recovery of furnace instruments) 
should not exceed 35 minutes for g a g e s  up to and including 
0.102 inch, and 1 hour for gqges heavier than 0.102 inch. 
1 inc.h = 25.4 mm. 
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TABLE 3 .  3 .  - Etching Solutions for Revealing Macrostructure 
Solution 
Sodium 
Hydroxide 
. 
Concentration (a) Specific Use - 
NaOH 1 0  g For  cleaning surfaces, revealing un- 
Water 90 ml soundness, cracks, and gross defects 
Source I R.? f .  3 . 4  
Tucker's 
Alloy 1 
HNO, (conc.) 1 5  ml 
HC1 [conc. ) 45 ml 
H F  (4870) 
7075 
Modified ' HC1 (conc.) 10  ml 
Tucker's HNo3 l o  In' I H F  (48%) 5 m l  For revealing structure of all castings and forgings except high silicon alloys 
Flick's HC1 (conc.) 1 5  ml For revealing grain structure of dur- 
HF (480/0) 10 nll zlumin type alloys. Surface should be 
Water 90 ml niachined o r  rough polished 
1 Water 75 ml I 
- 
(a) All  of these solutions a r e  used at room temperature 
TABLE 3 . 4 .  - Etching Reagents for Revealiny L- Microstructure 
Source 
C omp o s it i o n 
NaOH 1 g  
Water 99 ml 
NaOH 10 6 
Water 90 ml 
Keller's (conc. ) 
H F  (conc. ) 10 ml 
HC1 (conc. ) 15 ml 
HNO, (conc.) 25 ml 
Water 50 nil 
Kaller'e (dilute) 
' m C .  ) 1 ml 
HC1 (conc.) 1 . 5  ml 
HNO, (conc. ) 2 . 5  ml 
Water 380 )vll  
- 
Ref. 3.5 
7075 
Uses 
Gencral microstructure 
General microstructure 
(micro and macro)  
General rnicros trgctur e 
(micro and macro)  for 
copper bearing alloys 
Gencral microstructure 
of 7075 alloy 
Re ma r k s -- 
Swab with soft cotton for 
10 seconds 
Immerse 5 seconds a t  
7loC,  rinse in cold water 
Use concentrated for 
macroetching; dilute 9: 1 
with water for micro- 
etching 
Etch for 5 seconds 
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OC 
Atomic Percentage Magnerium 
2 4 6 8 10 12 14 16 18 20 OF 
700 
600 
500 
400 
300 
200 
100 
0 
Al 2 4 6 8 10 12 14 16 18 20 
Weight Percentage Magnedwr, 
Aluminum - Mirgnerium 
OC 
700 
600 
500 
400 
300 
Z O O  
100 
0 
Atomic Percentage Zinc 
10 20 30 40 5 0 0 0  80 
Weight Percentage Zinc 
Aluminum - Zinc 
FIGURE 3 . 1 .  - Aluminum rich portion of binary 
equilibrium diagrams. 
(Ref. 3 . 3 )  
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Atomic Percentage Copper 
Aluminum- Copper 
Atomic Percentage Chromium 
O C  0.2 0.4 0.6 0.8 1 .o O F  
1800 
1600 
1400 
1200 
1000 
800 
600 
Al 0.2 0.4 0 6 0.8 1 , O l . Z  1.4 1.6 1.8 2.0 
Weight Percentage Chromium 
Aluminum - Chromium 
FIGURE 3 . 2 .  - Aluminum-rich portion of binary 
equilibriu-rn diagrams. 
(Ref .  3 . 3 )  
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FIGURE 3 . 3 .  - Composite micrograph illustrating the grain 
structure of a 1-in. (25.4-mm) diameter rolled rod of 
7075-T6 alloy. The relatively long and equiaxed cross- 
section grains are typical of rolled rod and bar of round, 
hex, or square cross sect;on. 
Etch: Keller’s Mag: lOOX 
(Courtesy Aluminum Co. of America) 
(Ref .  3 . 8 )  
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FIGURE 3 . 4 .  -Composite micrograph illustrating the grain 
structure of 11/2-in. ( 3 8 . 1  mm) thick plate of 7075-T6 
alloy. The relatively long, wide, and thin mrecrystal-  
k e d  grains are typical of the grain structure of thick 
plate of other alloys also. 
Etch: Keller's Mag: lOOX 
(Courtesy Aluminum Co. of America) 
(Ref .  3 . 8 )  
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Chapter 4 
PRODUCTION PMCTICES 
4 .1  General. In the United States, aluminum and i ts  alloys a r e  pro- 
duced from an ore  of impure hydrated aluninum oxide known as 
"bauxite.'' Important sources of tauxite a r e  located in Arkansas, 
Dutch Guiana, and Jamaica. The impure ore  is converted into 
pure aluminum oxide (alumina) through a ser ies  of chemical 
processes.  Oxygen is removed f rom the alumina by smelting in 
carbon-lined electric furnaces knclwn as reduction pots. Pure 
molten aluminum is deposited at the bottom of the pot, and is 
periodically siphoned off and poured into molds to form Ilpigs" 
and "sows.11 A separate furnace operation is used to form 
''alloy pig" from the pure aluminur.1 by the addition of alloying 
elements, and this metal is cast into ingots for further pro- 
cessing (ref. 4.1).  
For the 7075 alloy, the m;.jor allol-ing elements added are zinc, 
magnesium, and copper, plus a small addition of chromium. 
Generally, this phase of production practice involves carefully 
controlled melting, alloying, and casting of l a r g e  20, 000- to 
50,000-pound ( -9,000 to 23,000 kg) ingots. After the ingots are 
scalped and preheated in vertical electric soaking pits, they a r e  
ready for further processing to a particular form of product. 
4.2 Manufacture of Wrought Products 
4.21 Bar and rod a r e  normally produced by hot rolling o r  extrudir.g. 
Cold finished bar and rod are produced by hot working to a size 
slightly la rger  than specified and reducing to final dimensions 
by cold working. A better surface finish and closer dimensional 
tolerances are obtained in this manner (ref. 4.2). 
4.22 A similar process is used to produce rolled structural shapes; 
special rolls are required. Finishing operations include:: roller-  
o r  stretch-straightening, and heat treatment. 
4.23 Roll-form shapes are produced by passing s t r ip  through a series 
of roller dies. Each successive pair of rolls  cause the work to 
assume a cross-section shape more nearly approaching that 
desired. The final desired shape is produced at the las t  pair 
of rolls.  
4.24 Plate is  produced by hot rolling of ingots to slabs (approximately 
60 percent reduction), usually in a 4-high reversible mill.  The 
slabs a r e  then further reduced 50 percent in a reversible 2-high 
mill. The last stage of hot rolling is done in a. hot reversing mill, 
where the plate is progressively rolled to the final hot mill 
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dimensions. Alloy plate may bc subjected to Ilstress relief" stretching 
(about 2 percent permanent set)  af ter  solution trcatment to improve 
flatness and reduce warpage upon machining. Plate is  then sheared 
or sawed to the required dimensions (ref. 4.2). 
4.25  Sheet is wual ly  produced f rom plate by cold rolling to final sheet 
thickness, followed by trimming, tempering, heat treating, stretch- 
ing, and other finishing operations. 
4 .26  Wire is produced by drawing rod through a se r i e s  of progressively 
smaller dies to obtain the desired dimensions. 
4 . 2 7  Extrusions a r e  produced by subjecting reheated cast  billets to enough 
pressure  to force the metal to flow through a die orifice, forming a 
product whose cross-section shape and size conforms to that of the 
orifice. Speeds, pressures ,  and temperatures must be closely con- 
trolled to insure uniform quality of extruded products. 
4.28 Tube is produced by extruding, by drawing, o r  by welding. Extruded 
tube is forced through an orifice a s  described in 4.27;  a die and 
mandrel a r c  used. Drawn tubc is manufactured by a cold process 
which is similar tu  drawir-g bar and rod. A mandrel is used with one 
end fixed and a bulb attached to the other end; the tubc is drawn over 
the mandrel bulb and through a d i e  a t  the same time. Welded tube is 
produced by slitting coil stock into s t r ips  and passing the s t r ips  through 
a ser ies  of rolls to form tube; the longitudinal seam is welded as the 
tube leaves the last roll-forming station. 
4.29 Forgings a r e  made by pressing (press  forging), hammering (drop 
forging), and impacting. Relatively heavy equipment is required since 
aluminum is not as plastic a t  its forging temperature as steel .  Alurn- 
inum forgings compare favorably. with structural  steel in unit strength 
at about one-third the weight. With comparable strength and with a 
loN-er elastic modulus, aluminum alloys have a much higher impact- 
energy-absorbing capacity than a mild steel. 
4 . 3  Casting of Alloy Ingots 
4.31  Metal for wrought products is alloyed in la rge  10- to 25-ton double 
hearth furnaces, carefully controlled and instrumented. The direct  
chill (DC) method is generally used for  casting these ingots. Molten 
metal is poured into a mold and a hydraulic piston descends slowly 
as the metal solidifies. Water is sprayed on the outside of the mold 
to promote rapid solidification. Additional processing may include 
scalping (machining of outside surfaces)  o r  homogenizing (refs .  4 . 2  
and 4 .3 ) .  
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Chapter 5 
MANUFACTURING PRACTICES 
5 . 1  General, This heat-treatable alloy, containing zinc, magnesium, 
copper, and chromium, has applications in  highly s t ressed par ts  
and air-frame structures.  In general, 7075 is used where very 
high strength and good resistance to corrosion are required (ref. 
5 . 6 )  and is available as the base alloy and in th t  Alclad condition. 
It is produced in most of the wrought forms with the exception of 
pipe, structural  shapes, and foil; in the Alclad form, i t  is avail- 
able as sheet and plate ( re f .  5 .1) .  
Forming - 5 .2  
5.21 Sheet and plate. The relative formability of 7075 is not as  good as 
many of the other heat-treatable alloys. Regular methods can be 
used; however, more care and precision fabricating techniques 
a r e  required (ref. 5.4).  
other heat-treatable alloys can be noted in table 5.1.  
Relati-e formability compared with 
5 .21  1 Cold forming. The formability of alloy 7075 sheet and plate i e  
directly related to the temper strength and ductility. In producing 
complex parts,  the procedure is to use annealed sheet and to heat 
t reat  af ter  forming. Because of its extra strength and hardness, 
7075-T6 is relatively difficult to form.  The simplest and most 
widely used forming nethod is probably that of bending. The ease 
of bending is indicative of most other forming operations. Table 
5 . 2  indicates the ease of forming in te rms  of recommended min- 
imum bend radii as a function of temper and sheet and plate thick- 
ness,  using typical mechanical properties for 0.100-inch (2.54-mm) 
sheet. Aluminum sheets a r e  normally formed using operations such 
as: 
1. Bending 9. Stamping 
2.  Flanging 10. Spinning 
3 .  Rolling 11. Contour Forming 
4. Drawing 1 2 .  Bulging 
5.  Pressing 13. Beading and Roll Flanging 
6 .  Stretching 14. Necking 
7.  Embossing 15. Curling 
8. Coining 
The factors that influence the bending of 7075 sheet also influence 
the fourteen other forming operations in the same general manner. 
Because of the lower modulus of elasticity of aluminum compared 
with steel, a much greater  l1springbackl1 is encountered, Over- 
forming is the common way of correcting the tendency. In addition, 
reducing the bend radius, increasing sheet thickness, and increasing 
the total amount of plastic deformation also decrease the extent of 
23 
5.212 
of springback. Alloy 7075 sheet can be formed to many shapes by 
drawing if care  is  used. This extensively employed inass production 
method can be used to produce simple parts in a single draw. In the 
case of more complex parts,  the reduction and forming i s  acconi- 
plished by using successive draws with frequent intermediate anneals. 
By this practice, exhaustion of ductility and the introduction of cracks 
are  avoided. Deep draws normally employ male and female metal 
dies.  Forming in rubber (Guerin Process)  for  relatively shdlow parts 
is a m2thod where several thin layers  of rubber are  confined in a 
pod holder o r  retainer made of steel  o r  cast iron. A descending ram 
on which this holder is mounted causes the aluminum sheet to be 
compressed against a form block to make t h e  required part .  If the 
aluminum is made to flow against a female die using fluid pressures  
behind a rubber diaphragm, the method is known as  "hydroforming." 
Spinning and high energy rate  methods have also been successful. 
Alloy 7075 has been used for applications such as engine nacelle 
covers and contoured wing sk in  panels. 
Hot forming. Although hot forming from 300" to 400°F (14q3 to 204OC) 
is used to ease forming for many aluminum alloys, 7075 which re-  
sponds to artificial aging may actually require more  power for  form- 
ing because of the strengthening which takes place a t  the elevated 
temperature (ref. 5.4). Many successful forming methods have been 
developed where the metal is healed in the area to be formed. How- 
ever,  this practice can lead to undue softening of the material unless 
certain precautions arc exercised. The maximum reheating periods 
which a re  recommended are given in table 5 .  3 .  The effect of forming 
temperature on springback of sheet in T6 condition is shown in figure 
5.1.  The effect of forming at elevated temperatures on room temper- 
ature tensile prcperties of plate in 0 condition prior to forming, and 
T6 condition aftez- iorming, is shown in figure 5 . 2 .  Figure 5. 3 in- 
dicates the effect of forming temperature on bend factor in rubber- 
forming of sheet. 
5.22 Shapes and tubes. Either extrusion o r  rolling can be used to prociuce 
alumI,ium shapes. The relative formability of alloy 7075 as tubes o r  
extrusions can be noted in table 5 . 4 .  This alloy, as has  been pointed 
out, is one of the more  difficult to form of the aluminum alloys. Sec-  
tions in the 0 temper o r  W temper are bent and formed more  easily 
than those in the T6 o r  T73 heat treated tempers .  
Stretching, wiping, or rolling are  general methods used to form shapes 
and tubes, Sheets, shapes, and tubes are stretch-formed by clamping 
at onc end and pulling o r  stretching over a single male  die so as to 
exceed the elastic limit. The metal section takes the shape of the die 
by stretching o r  elongating more in the heavier curvature areas than 
in the shallower ones. When working exccptionally thin-wall round, 
square, o r  rectangular tube on small radii, it  is necessary i.0 add a 
wiper and a flexible mandrel to provide extra  support for t h e  tube at 
the point of bcnding. Rolls can also be used for the forming, using 
dies to form the contour. 
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5.23 Forging. The very .high strength 7075 is more difficult to forge than 
most other aluminum alloys. T.he high strength-to-weight ratio 
makes this  alloy desirable for jet landing gear and other similar 
applications. 
Forgings a re  made using either the open die or  closed die methods 
and by impact o r  pressure,  Prototype o r  other fel-t-of-a-kind needs 
for aluminum parts usually do  not warrant the cost of forging dies.  
Small runs a r e  made using the nand-forging open-die techniques 
where the heated stock is worked between flat o r  simple dies that 
impose little o r  no la teral  confinement on the material .  Hand forg- 
ings over a ton in weight can be made. Hand forgings a r e  providcd 
in various tempers which a r e  defined in table 5.5. 
As in all forgings there is grain flow in 7075 which is cha Acter- 
istic of the forging process. The resultant grain pattern results in 
anisotropy of properties and this must be considered for  property 
evaluations. The process for most production for. .gs starts with 
the stock which c a n  vary from 3 / 8  inch to 4 inc, square stock, 
and rectangles from 3/8  inch for the minir.w-- dimension to a s  riuch 
as 10 inches on the maximum dimension. CI,nditior,ing to remove 
localized surface defects is permitted at this point. (1 in = 25.4 mm) 
The stock is carefully heated in the r-. 1- .! I ,f COO' tG 300' F (31 6' 
to 482°C). The relative forgeability c ?'J ' .e - is a function of thc  
forging temperature can be compareL tr .-ner aluminum all07 a ir. 
figure 5.4 .  It can be seen that this alloy is the most difficult t.cl 
forge. The mechanical properties are a function of the forp;r;g dir-  
ection as well as the size of the hand forging. Figure 5.5 shows the 
test-bar orientation as a function of the principal. directions. 
Large production runs are made using closed dies. The Lest of the 
die is prorated against the numbcr of pieces contemplated. Either. 
drop forging or press  forging machinery is used. After preheating, 
the  stock is fornied in one step o r  in the case of complicated par ts  
in several operations which may involve reheatings. Dies in the 
forging operation a r e  heated with auxiliary gas  or  electric heaters. 
The flash resulting from excess metal overfilling the mold is re- 
moved by hot o r  cold trimming, sawing, or grinding. 
Holes in the forging are preesed to produce ltpunchouts.tl Sometimes 
the punchout is combined with the t r i m  operation. Very close tofer- 
ances can be met in a standard forging by die coining (colci) to pre- 
cise dimensions, usually within a few thousands of an inch (tenths 
of a millimeter). 
Straightening aftex heat treatment is often a required operation. Tem- 
plates combined with indicators and other gages are uced + D  determine 
the out-of-tolerances . Straightening ranges from hand st  :aightening 
to "cold restrike" operations. The forgings are inspected for g r a h  
flow, mechanical properties, dimens\ons, and ultrarPonic ooundness . 
25 
Design manuals for  die forgings and aluminum impacts a r e  available 
from the Aluminum Association (refs .  5.17, 5.18). 
5 .3  Machining 
Conventional machining. The aluminum alloy 7075 has good machin- 
ability in all conventional machining operations. Hand forgings of 7075 
which require a large amount of metal removal by roughing out before 
heat treatment should be machined in the F-temper. In those cases  
where hand forgings are to be machined to very close dimensions, with 
the additional requirement for a good surface condition, the W temper 
yields optimum results.  Small hand forgings can be machined suc- 
cessfully in the T6 temper. 
It is difficult to produce a precise tabulation of machining parameters  
for each of the different types of operations. However, table 5.6 is 
a compilation of typical fa-tors for many common machining oper- 
ations. A wheel speed of 6000 ft /min and a table speed of 60 ft /min is 
typically used for grinding. The down feed will produce a rough finish 
if it is kcpt about 0.001 inch(0.025 mm) per  pass.  A fine finish will 
be produced if the down feed is kept to a maximum of 0.0005 inch 
(0.013 mm). per pass. The cross-feed is approximately one-third of 
the wheel width. The wheel type is A46KV with a water-base emulsion 
o r  chemical solution for the grinding wheel. 
The 7075 alloy has been machined to produce contoured-wing skin panels 
by a huge three-gantry machine (ref. 5.13). Three-inch slabs (? .62cm),  
4 to 5 feet wide by 6 to 12 feet in length (1.2 to 1 .5  m by 1 .8  to 3.6 m), 
were f i rs t  straightened by ltstretcher-leve1ingt1 to the 7075-T6 condition. 
This treatment minimized distortion f rom the skin-milling . The entire 
operation of producing 2.5-inch (6.35-cm) deep cavities was numer- 
ically controlled. The vacuum held slabs produced the required section 
with excellent tolerances. 
5.32 Electrochemical and chemical machining . Weight reductions such ae 
the cavity machining by slab milling require large rigid machines. These 
weight reductions are important for space vehicle components, partic- 
ularly in large boosters, where the fuel and oxygen tanka are fabricated 
from precurved cylindrical and spherical sections of high=strength alum- 
inum alloys. The use of sections which a r e  "integrally stiffenedtt by 
ribs which a ie  left intact while the bulk of +he metal stock is removed 
has been examined for both electrochemical and chemical methods. In 
some cases, chcrr'.cal milling will allow early production of initial units 
without requiring the delay times inherent in the fixturing for production 
(ref. 5.14). 
5 . 322 Electrochemical milling. Electrochemical machining for  metal nhaping 
subjects the chemically erodible workpiece to the action of anodic cur- 
rent flow in a suitable electrolyte. A eecond electrode which ie the tool 
is provided for the cathodic action. The basic principles are the same 
as thoso generalized in Faraday's Law of Electrolysis. However, the 
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electrochemical machining, or  ECM, proceRs is the reverse of 
electrodeposition -.r electroplating. An exceptioli is that the cathodic 
process involves the evolution of hydrogen, in most cases, rather 
than the electrodeposition of a metal. There a r e  a number of tool 
workpiece configurations that may be employed in the ECM process 
depending upon the particular type of metal removal geometry de- 
sired.  It is normally required that f r s sh  electrolyte is supplied to 
the workpiece. Allay 7075 is essentially pure aluminum a s  fgr as  
the rate of the electrochemical process is conceri.ed. Hence, 
f rom the Faraday Law it is rather easily shown that 1 .26  in3 (29.64 
cm3) of the metal can be removed per minute at 100,000 amperes 
(assuming 100% eff ic iexy) .  in practice, efficiencies of 80% to 9070 
a r e  encountered. An electrolyte of 5 to 10% NaCl aolution has been 
found to yield excellent results, and the process car, be carried out 
using voltages of 10 to 15 volts. The milling rate of the ECM pro- 
cess  depends upon the current capacity of tl-,. power supply and the 
ability of the electrolyte system to provide xrech electrolyte. Wiph 
electrolyte pressure requirements of 100 to 250 psi (0 .07 to 3.19 
kg /mma ) provide even electrolyte flow and satisfaL tory cuttink- 
conditions. Temperatures of about 120°F (49' C) produce good 
quality finishes. 
5.323 Chemical milling. The removal of metal stock by chemical dissolh- 
tion ox ftchem-millingff has many potential advantages over conver 
tiona? milling methcds. The removal of metal by dissolving in an 
alkalins or  acid solution is now routine for  specialized operations 
on aluminum (ref. 5.6). For flat parts, on which large areas  havirlg 
complex o r  wavy peripheral outlines a r e  to be reduced only slightly 
in thickness, chemical milling is usually the most economical mathod. 
A formed channel 23 feet (7 m )  long made of 0.125-inch (3.175-cm) 
aluminurn 7075=T6 had a scalloped edge and recessed pockets and 
a lengthwise selant groove. Chemical millini:, with caustic soda 
allowed production schedules for initial wing-beam unit; to be met 
before conventional router tooling could be fabricated (ref. 5.14). 
The metal (suitably masked) i e  *mersed  in an etching bath, which 
may be aridic o r  basic, to remove metal f rom specific a reas  so a e  
to produce the desired configuraiion. Finallv, the mask is stripped 
f rom the part. To produce a simple shape, the masking and milling 
procedure is only performed x c e .  Complex designs are usually 
produced by repeating the masking and .milling sequence until the 
desj.red shape is achieved. 
Standard mechanical property tests indicate chat chemical milling 
has appreciable effect on the compression, tension, o r  shear prop- 
ertieR of aluminum alloy 7075 (ref. 5.11). Fatigue tes ts  on 7 0 7 5 4 6 ,  
performed at  high s t r e s s  levels, show more favorable results fo r  
chemically-milled material  than for machine-milled material .  
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TABLE 5 . 3. - Recommended Holding Times prior 
to Forming, as a Function of Holding Temperature 
Source Ref. 5.4 
Alloy 
Ternperatwe of Hold 
O - F  
300 
325 
350 
375 
400 
425 
450 
500 
O C  
149 
163 
177 
191 
204 
21 8 
232 
260 
'LT6  
~~ ~~ 
Time in Indicated Units 
10 - 12 hours 
2 - 4hours 
1 - 2 hours 
30 - 60 minutes 
5 - 10 minutes 
to temperature 
No 
No 
Note: The above guide indicates maximum reheat 
periods; shorter heating times may give satis- 
factory results. 
Under controlled conditions, strength loss due 
to reheating will seldom exceed 5 percent. 
TABLE 5.4. - Relative Formabilitv of Heat- 
Treatable Alloys (Extrusions and Tubes) in 
Order of Decreasing Formability 
Source Ref. 5.2 
Extrusions Tubes 
1. 6063, 6463 
2. 6061, 6062 
3. 2024 
4. 2014 
5. 7075 7079 
6. 7178 
-' 
1'. 6063 
2. 6061, 6062 
3. 2024 
4. 2014 
5. 7075 -
' I  
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TABLE 5.3. - Heat Treat TemDere for Hand Forerinne . .  * Y Y  
Source 
Alloy 
Temper 
F 
W 
T6 
~~ 
T652 
Notes; 
Ref. 5.8  
7075 
Treatment 
As forged, no thermal treatment following 
fabrication operations 
~~ ~~ ~ 
Solution heat-treated and quenched in 
water at 140' F (6OoC) 
Solution heat-treated, quenched in water 
at 140'F, and artificially aged 
Solution heat-treated, quenched in water 
at 140°F, stress relieved by cold com- 
pression, artificially aged 
Forgings in the T73 temper are also 
available. This temper is obtained by a 
proprietary thermal treatment (ref. 5.8) 
Premium strengtb forgings are available 
in the T736 temper (ref. 5.19) 
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FIGURE 5.3. - Effect of forming temperature 
on bend factor in rubber forming of 7075 
ehtet in 0 and T6 conditionm; thickneem, 
0.064 in (1.625 mm). (Ref. 5.15) 
350 400 450 O C  
650 700 750 800 850 900 OF 
Forging Temperature 
FIGURE 5 4. - Relative forgeability of v a r i o ~ r  
(Ref. 5.8)  alumiauM alloy& 
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cropped 
End 
FIGURE 5 . 5 .  - Location of test bare for testing of hand forgings 
of rectangular or square cross sections. 
(Ref. 5.8) 
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Chzpt e r 6 
SPACE ENVIRONMENT EFFECTS 
6.1 General. AlumiLium alloys have been used in both structural and 
nonstructural applications in launch vehicles and spacecraft with 
excellent succesh since, in general, the aluminum alloys a r e  re l=  
ativelv insensitive to degradation in typical space environment 
conditions. The vapor pressure5 of the structural aluminum alloys 
a r e  sufficiently high(tab1e 6.1) so that the combined temperature+ 
vacuum effects generally are negligible . Structural alloys such a s  
7075 are sufficiently hardeneci so that nuclear end space indigenous 
radiation induced defects do not significantly affect mechanical and 
physicil properties, a t  room ambient and elevated temperatures, 
below accumulated doses of about l o a U  particles/cm'. When i r rad-  
iated at  cryogenic temperatures, the 'hreshold may be lowered one 
or  two decades, but the probabilities cf experiencing doses on thio 
order of magnitude are extremely remote except in the vicinity of 
nuclear reactors. 
Elevated temperatures, hard vacuums, high energy radiations, and 
micrometeoroids can singularly and collectively influence surface 
characteristics of 7075 by desorption processes and erosion. These 
phenomena might be of great importance if optical properties, lub- 
brication, certain electrical properties, etc.,  were critical design 
parameters.  
Sputtering of the surface by atomic o r  molecular particles can de. 
teriorate surface finishes in a relatively short  period. A 300-A coat. 
ing of aluminum (loo6 g/cm3) can be destroyed in one month during 
a period of low ictensity solar  wind o r  in several  hours during a solar 
storm, for  example. The threshold energies of particles required 
to remove one o r  more atoms of Gie surface material they impinge 
are quite low, of the order of 6 ,  11, and 12 eV for 0, N, and 0, 
particles, respectively. Estimates of surface erasion by sputtering 
are given in table 6 , 2  for aluminum alloys . 
Micrometeoroids can produce suzface erosion similar 'to sputtering, 
although perhape on a more macroecopic scale, as well a s  punc- 
tures.  Micrometeoroids vary widely in mass, composition, velocity, 
and flux; generalizations about the rates of erosion and penetrat;.on, 
therefore, must be used with care .  The predicted and measured 
frequency of impact as a function of meteoroid mass ie given in 
figure 6.1 . Data are given in figures 6.2 and 6.3 on the penetration 
and cratering of aluminum alloy skim of varioue thicknesses. Cal. 
sulatiom of armor  thicknecls required for protection of different 
structures and orientations are given in table 6 , T .  The derign of 
buniper-hull meteoroid protection rysteme is diacuered in reference 
6.12. 
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The surface erosion of aluminum alloys due to ccrpuscular radiation 
is probaSly insignificant, amounting to something of the order of 254 
nanometers per year .  Indigenous space radiation, .however, will 
tend to accelerate the removal ob surface films, which might result  
in loss  of lubricity and an increased propcnsity to "cold weld.'' The 
interaction of indigenous radiation with descrption gases might cause 
some spurious , transient electrical conditions when aluminum alloys 
a r e  used for electrical applications. The interaction of indigenous 
radiation with the alloys may produ.:e gome internal heating that might 
be significant for small items and may induce some radioactivity. 
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TABLE 6.1 . - Evaporation Rates in Vacuum of T ~ F  ical Elements 
Source 
Element 
Aluminum 
Titanium 
Iron 
Nickt-1 
COP;: si 
Chxornium 
Vanadium 
Manganese 
Silicon 
Magnesium 
2 iac 
Used in Aerolrpace Alloys (a, b) 
* 
Ref. 4.14 
-1 ooo c 
1.2 x lo-al 
40-99 
40-99 
< 10-99 
9.5 x iogga 
UO-99 
2.2 x 
40-99 
3.5 x 10-30 
- 8 4  1.2 x 10 
2.9 x 10'" 
Evaporation Rate, g/cma / sec  - 
oo c 
1.1 x 10-48 
2.5 x 
6.8 x 10 -0 4 
5.7 x 1 0 - 7 O  
1.4 x 10-~5 
1 . o x 10-64 
1.9 x 10-87 
1.1 x 10-4a 
1.9 x 10 
5.3 x 
5.1 x loo1' 
-6 1 
100°C I 25O0Za1 -
2.0  10-33 1.7 io 
4.1 10-43 
2.4 10-44 
1.3 x 10-48 
1.4 x 10-87 
6.2 x 10"* 
2.1 x 
6.5 x lo-** 
1.8 x loofP 
1.8 x lo"@ 
3.6 10-49 
7.4 x 10-2s 
4.8 x 1OoaG 
6.7 x 10°az 
4.0 x 
3.8 x 
-41 5.0 x 10 
3.8 x 
4.3 x lo-- 
2.3 x 10-4 
1.3 x 
5OO0C 
6.5 x 
2.0 It; 10-fS 
9.1 x 10-*~.7 
1.7 x 10-le 
4.7 x 10-14 
2.2 x 10-13 
1. z x 10.~4 
1.6 10-9 
5 . 3  x 1Ornf6 
6 . 6  x 10" 
2.80 - 
(a) The actual evaporation rate  of each element in combination with 
others will be lower. 
(b) The values may be in e r r o r  by several  o rders  of magnitude as 
they have been extrapolated f rom high-temperature data. The 
rate8 a: low tempeaturee will be considerably less &an the 
values given in the table. 
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TABLE 6.2 . - -E8thtad Rate of Removal and Time to Remove 
' _ _  0' mm of Aluminum by Sputter- 
Rate, 
atom cmoP sec-1 
3.4 x 1017 
2.0 1017 
3.4 x 101' 
1 1 . 6 ~ 1 0 ~  
Time, 
1.8 x l e  
3.0 x l(rs 
1.8 Y 10" 
3.8 x le 
~ e c / i ~ i o - ~  
Source 
Structure 
L - 
Plane 
-- Cylinder 
L- 
' sphere 
185.8 
185. d 
185.8 
99.0 
99.0 
99. 
Source Ref . 2  
I 
Orbiting Vehicie I Eicaping Vehicle 
Height, 
k m  
100 
220 
700 
2500 
-= 
Time, 
sec/lr10-7 mm 
i . 9 x 1 r Y  
30 
2 . 7  x 10" 
1.4 x 100 
Rate, 
atom cm-a rec-1 
3 .1  x loa6 
2.6 x 1013 
2.2 It io9 
4 . 3  x lo6 
TABLE 6.3. --Computed Thic~esmer, of Armor Required for Protection 
from Meteoroid b a c t  over a Period of 1000 Dam 
Ref. 6,11 
Rob'y No 
De 8 truc tive 
fmpact, % 
Av. No. of 
Destructive 
Mission 
Impacb per 
Critical 
ThiChe88 
tC3 
1000 
500 
1000 
500 
2000 
1000 
2000 
1000 
2000 
2000 
2000 
- 
-
in 
0.209 
0.209 
0.!09 
0 . -  3 
0.232 
0.232 
0. I97 
0,197 
- cmp 
92.9 
46.5 
92.9 
46.5 
185.8 
92.9 
92.9 
--- 
185.8 
I 
cm - - 
0.530 
0.530 
0.270 
0.278 
0.590 
0.590 
0.500 
0.500 
0.547 
0.481 
0.521 
0.502 
-
99.5 
99.75 
99.5 
99.75 
99.0 
99.5 
99.0 
99.5 
0.005 
0.0025 
0.005 
0.0025 
0.01 
O m  005 
0.01 
9.005 
i, ?eacling 
i, trailing 
j, either 
side alone 
k, either 
side alone 
0.01 
0.01 
0.01 
0.215 
0.190 
0.205 
0.198 
-
0.01 (random) 2000 - 185.81 99.0 
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FIGURE 6.  I .  - Various estimates of meteoroid mass inflttx. 
(Ref. 6.3) 
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Crater Depth, mm 
10-4 1 oo 10' 
10-4 1 oo 1 o3 
Crater Depth, inch 
but *out earth shielding. 
FIGURE 6.2. - Hit rate vs craker depth in the earth neighborhood 
(Ref. 6.4) 
FIGURE 6.3.  -Sheet thicknerr of Alas li 
function of the rurface rrea4ifttirns pro- 
duct required for vrrbur probrb~~icrr of 
no meteoroid puncture. 
(Ref. 6.1) 
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Chapter 7 
STATIC MECHANICAL PROPERTIES 
7 . 1  
7 .11  
7.111 
7 .112  
7 .113  
7 .114  
7 . 1 2  
7.121 
7 .13  
7 . 1 4  
7 . 1 5  
7 . 1 5 1  
7 . 1 6  
7 .161  
7 . 2  
7 .21  
7 . 2 2  
7 .221  
7 .222  
7 .223  
7 .224  
7 .225  
7 .23  
7.231 
7 .232  
7 . 2 4  
7 .241  
7 .25  
7.251 
7 .252  
7 .253  
7 . 2 5 4  
Spec if ied Proper t ie s 
NASA Specified Properties 
NASA specified mechanical properties for die forgings and sep- 
arately forged test bars,  table 7 .11  1 .  
NASA Specified mechanical properties for hand forgings, table 7 . 1 1 2 .  
NASA specified mechanical properties for T652 hand forgings, 
table 7 .113 .  
NASA specified mechanical properties for T73 hand forgings, 
table 7 .114 .  
AM2 Specified Properties 
AMS specified properties are given in reference 7 . 1 .  
,Military Specified Properties 
Federal Specified Properties 
ASTM Specified Properties 
ASTM specified properties are given in the 1970 ASTM Book of 
Standards, Par t  6 (ref. 7 .2 ) .  
Aluminum A s  sociation Mechanical Pvoperty Limits 
Aluminum Association mechanical property limits are given in 
ttAluminum Standards & Ijata: 1970-711* (ref. 7 .3 ) .  
Elastic Properties and Moduli 
Poisson's ratio, 0 . 3 3  (ref. -1.4). 
Young's modulus of elasticity, E. 
Design value of E. All products and tempers: E=10.3  x lo3 ksi  
( 7 . 2  x log kg/mma) (ref. 7.5) .  
Typical value of E. 10.4 x lo3 ksi ( 7 . 3 ~  lo9 kg/mma (ref. 7 .3 ) .  
Effect of temperature on E and E, for alloys in T6 condition, 
figure 7.223.  
Effect of low temperatures on E, figure 7.224.  
Modulus of elasticity at various temperatures, figure 7 . 225. 
Compression modulus, E,. 
Design value of E 
Effect of ternperature on E,, see figure 7 . 223. 
Modulus of rigidity (shear modulus), G. 
Design value of G. 3 . 9  x lo3 ksi ( 2 . 7 4 ~  lo3 kg/mma) (ref. 7 .5 ) .  
Tangent modulus. 
Typical st ress-s t ra in  and tangent modulus curves for T6 rolled- 
bar, rod, and shapes at room temperature, figure 7 .251 .  
Typical s t ress-s t ra in  and tangent-modulus curves for TG ex- 
trusions at  room temperature, figure 7.252.  
Typical s t ress-s t ra in  and tangent-modulus curves for T6 plate 
at room temperature, figure 7 . 253. 
Typical s t ress-s t ra in  and tangent modulus curves for thick T6 
plate at room temperature, figure 7.254.  
All products and tempers, Ec=10.5 x lo3 ksi 
( 7 . 4  x IO3 kg/mm S' ) (ref. 7 .5 ) .  
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7.255 
7.256 
7.257 
7.3 
7.31 
7.32 
7.4 
7.41 
7.411 
7.4111 
7.4112 
7.4113 
7.4114 
7.4115 
7.4116 
7.4117 
7.412 
7.4121 
7.4122 
7.4123 
7.4124 
7.4125 
7.4126 
7.4127 
7.413 
7.4131. 
7.4132 
7.4133 
Typical s t ress-s t ra in  and tangent-modulus curves for clad T6 sheet 
and plate at  room temperature, figure 7.255. 
Tangent modulus curves in compression for  clad T6 sheet at  room 
and elevated temperatures, figure 7.256. 
Typical s t ress-s t ra in  and tangent-modulus curves for T7351 extru- 
sims at  room temperature, figure 7.257. 
Hardne s s 
Brinell scale (bare products), 500-kg load, 10-mm ball: 
Value -Condition 
0 60 
T6 150 (ref. 7.4) 
Effect of low temperature on hardness of bar, figure 7.32. 
Strength Properties (see also section 7.1) 
Tension 
De sign tens ile properties 
Design tensile properties for sheet and plate in T73 and T7351 
tempers, table 7.41 11. 
Design tensile properties for T6 and T651 sheet and plate, 
table 7.4112. 
Design tensile properties for clad T6 and Tb51 sheet and plate, 
table 7.4113. 
Design tensile properties for hand and die forgings, table 7.4114. 
Design tensile properties for bar, rod, wire, and shapes, table 
7.4115. 
Design tensile properties of T6- and T73-type extrusions, table 
7.4116. 
Design tensile properties of T76-type extrusions, table 7.41 17. 
Stress-strain diagrams (tension) (see also sec. 7.25) 
Typical tensile s t ress-s t ra in  curve for  T6 rolL ?c? or  cold-finished 
bar at room temperature, figure 7.4121. 
Typical tensile s t ress -  strain curve for T6 c:;trusions at room 
temperature, figure 7.4122. 
Typical tensile s t ress-s t ra in  curve for  T7351 extrusions at room 
temperature, figure 7.4123 . 
Typical tensile s t ress-s t ra in  curve for clad T6 sheet at room 
temperature, figure 7.4124. 
Complete s t ress-s t ra in  curves for sheet in T6 condition at room 
and elevated temperatures, figure 7.4125, 
Complete ~ t r e s e ~ s t r a i n  cui tes for clad sheet in 0 and T6 conditionr 
at room and elevated temperatures, figure 7.4126. 
Stress-strain curves for bar in T6 condition at low temperaturer,  
figure 7.4127. 
Effect of test  temperature on tenrile properties . 
Effect of exposure and test  temperature on tensile properties of 
alloy in 0 and T6 codditionrr, figure 4.131. 
Effect of temperature on the ultimate tenrile rtrength of T6 (all 
products), figure 7.41.32. 
Effect of temperature on the tenuile yield strength of T6 (all 
producta), figure 7.4133. 
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7.4134 
7.4135 
7.4136 
7.4137 
7.4138 
7.4139 
7.42 
7.421 
7.4211 
7.4212 
7.4213 
7.4214 
7.4215 
7.4216 
7.4217 
7.422 
7.4221 
7.4222 
7.4223 
3 A 3 9  
I . 'zL.L.4 
7.4225 
7.4226 
7 423 
7.4231 
7.43 
7.44 
7.441 
7.4411 
7.4412 
7.4413 
Effect of temperature on the elongation of T6 (all products except 
thick extrusions), f igure 7.4134. 
Effect of temperature on the percent elongation of T6 (all products 
except thick extrusions), figure 7.41 35. 
Effect of low temperature on the ultimate tensile strength of T6 
(all products), f igure 7.41 36. 
Effect of low temperature on the tensile yield strength of T6 (all 
products), figure 7.4137. 
Effect of exposure and tes t  temperatwe on tensile properties of 
clad T6 sheet, figure 7.4138. 
Effect of tes t  temperature on tensile properties of alloy in T73 
condition (typical data), figure 7.41 39. 
Compress ion 
Design compression properties 
Design compression properties for T73 and T7351 sheet and 
plate, see table 7.41 11. 
Design compression propetties for T6 and T651 sheet and plate, 
see  table 7.4112. 
Design compression properties for  clad T6 and T651 sheet and 
plate, see table 7.4113. 
Design compression properties for  die and hand forgings, see 
table 7.4114. 
Design compression properties for T6- and T73-type bar ,  rod, 
arid wire, see table 7.4115. 
Design compression properties for T6- and T73-type extrusions, 
see table 7.4116. 
Design compression properties for T76-type extrusions, see 
t a b k  7.4117. 
Stress-s t ra in  diagrams (compression) 
Stress-strain curves in compression for T6 sheet at room and 
elevated temperatures, figure 7.4221. 
Typical corn ressive s t ress-s t ra in  curves for clad T6 sheet 
Typical compressive s t ress-s t ra in  curves for clad T6 sheet 
at 300'F (149OC1, figure 7.4223. 
Typical compressive s t ress-s t ra in  curvec for  clad T6 sheet 
a t  400' F (204OC), f igure 7.4224. 
Typical compressive stress- s t ra in  curves for clad T6 sheet 
at 5OO'F (26OoC), f igure 7.4225. 
Typical compressive s t ress-s t ra in  curves for clad T6 sheet 
at 600'F (316'C), figure 7.4226. 
Effect of test temperature on conipressive properties 
Effe 
'I 6 jaLi products), figure -1.231 . 
Bending 
Shear and torsion 
Design shear properties 
Design shear propzrties forT73 and T7351 plate and sheet, 
see table 7.4111. 
Design shear properties for T6 and T651 sheet and plate, 
see table 7.4112. 
Design shear properties for  clad T6 and T651 sheet and ?late, 
see  table 7.4113. 
at 200' F (93 B C), figure 7.4222. 
- 
,f temperature on the compressive yield strength of 
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7.4414 
7.4415 
7.4416 
7.4417 
7.4418 
7.4419 
7.442 
7.45 
7.451 
7.4511 
7.4512 
7.4513 
7.4514 
7.4515 
7.4516 
7.4517 
7.4518 
7.4519 
7.4520 
7.46 
7.461 
'7.4611 
7.4612 
7.4613 
7.462 
7.4621 
Design shear properties for  hand and die forgings, see table 7.4114. 
Dcsign shear properties for  bar, rod, wire, and shapes, see table 
7.4115. 
Design shear properties for T6- and T73-type extrusions, see table 
7.4116. 
Design shear properties for  T76-type extrusions, see table 7.4117. 
Effect of temperature on the ultimate shear strength of T6 (all 
products), figure 7.4418. 
Effect of temperature on shear s! .-lgth of clad T6, figure 7.4419. 
Design torsion properties 
Bearing 
Design bearing properties 
Design bearing properties for sheet and plate in T73 and T7351 
tempers, see table 7.4111. 
Design bearing properties for T6 and T651 sheet and plate, see 
table 7.4112. 
Design bearing properties for clad T6 and T651 sheet and plate, 
see table 7.4113. 
Design bearing properties for hand and die forgings, see  table 
7.4114. 
Design bearing properties for bar, rod, wire, and shapes, s ee  
table 7.4115. 
Design bearing properties for T6- and r73-type extrusions, see 
table 7.4116. 
Design bearing properties for T76-type extrusions, see  table 7.41 17. 
Effect of temperature on bearing properties of clad T6 sheet, fig.7418. 
Effect of temperature on the ultimate bearing strength c' T6 (all 
products), Iigure 7.4519. 
Effect of temperature on the bearing yield strength of T6 (all products), 
figure 7.4520. 
Fracture 
Notch' strength 
Effect of notch sharpness and notch depth 09 notch strength of T6 
bar, figure 7.4611. 
Effect of low temperatures on notch strength of sheet and plate in 
Tb condition, figure 7.461 2. 
Effect of low temperatures on notch strength of T6 sheet, figure 
7.4613. 
Fracture toughness 
Net fracture s t r e s s  and fracture toughness of sheet a t  elevated 
temperatures, figure 7.4621. 
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Spec i f  icat ion 
Alloy 
Mzx section thickness 
Temper 
Orientation 
I Ftu (min), k s i  (a, c )  I 75.0 I 71.0  I 66.0 I 62.0 
NASA- MSFC -SPEC- 144B 
7075 (b) 
3 inches (7.62 cm) 
T6 T73 
A B A B 
I 
l e s t  specimen parallel to forging flow lines. 
Test specimen not parallel to forging flow lines 
Tensile and yield strength test  rsquirements may be 
waived for material in any direction in which the dimen- 
sion is less  than 2 inches because of the difficulty in 
obtaining a tension test  specimen suitable for routine 
control testing. (2 in = 50.8 mm) 
Die forgings in some configurations of this alloy can 
be purchased in the T652 temper conforming to the m e c h  
anical property requirements specified f o r  the T6 temper. 
1 k s i  = 0.70307 kg/mm2 
(die forgings only) 
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TABLE 7.112. - NASA Specified Mechanical Properties fer 
-L 
T6 Hand rorgings 
Axis of test 
specimen 
L 
LT 
L 
LT 
ST 
L 
LT 
ST 
L 
LT 
ST 
L 
LT 
ST 
Specification 
FtSu,ksi 
min (c) 
74.0 
73.0 
73.0 
71.0 
69.0 
71.0 
70.0 
68.0 
69.0 
68 0 
66.0 
68.0 
66.0 
65.3 
Alloy 
Thickness, in (b 
5 2.000 (d) 
2.001-3.000 
3.0'31-4.000 
4.001-5.000 
5.001-6.000 
Ftv, ksi)  e(2 in or  4D 
9 
4 
9 
4 -1 3 
60.0 
58.0 
57.0 
8 
3 
2 
58.0 
56.0 
56.0 
7 
3 
2 
(a) Maximum cross-sectional area is 256 ina (1.652 ma) 
(b) Thickness is measured in the short  t ransverse direction 
( c )  Tensile property requirements may be waived for direc- 
(d) 1 inch = 25.4 mm; 1 ksi  = 0.70307 kg/mm2 
and applies to the 'as forged" dimension be."ore machining 
tions in which the dimension is less than 2 inches. 
so 
TABLE 7.11 3 - NASA Specified Mechanical Properties of 
61.0 
61.0 
T652 Hand Forgings -
4 
9 
NASA- MS FC-S PEC- 1 44B 
7075-T652 - (a) Specification Alloy 
2.001-3.000 
h i s  of test  I Ftu, ksi  I specimen I min (c) Thickness, in Ib) 
LT 73.0 
L 7 3 . 0  
< 2.000 
3.001-4.000 
I L  
ST 69.0 
L 71.0 
I 74.0 
4.001-5.000 
LT 70.0 
ST 68.0 
rJ 49.0  
LT 68.0 
I LT 1 71.0 
58.0 
l 56 .0  
58.0 
I 55.0 
56.0 
I 54.0 
~ 56.0 ' 55.0 
3 
2 
6 
3 
1 
6 
3 
1 I 
. - *" 
Specification NASA-MSFC-SPEC- 144B 
Alloy 7075-T73 (a) 
TF Okness, in (b) Axis of test  Ftu, ksi  Ftyt ksi  e(2in o r  4D) specimen min (c) rnin (c) r #in, 70 - - 
L 6 6 . 0  56.0 7 - < 3.000 LT 64.0 54.0  4 
ST 6 1 . 0  52. G 3 . 
5.001-6.000 I L  T 
ST 
68.0 
66.0 
65.0 
I Fty, ksi  e(2in or  4D) min (c) min, 7 0  I I 
63.0 I 9 I 
5 9 . 0  I 4 I 
(a) Maximum cross-sectional a r e a  is 256 in' ( I .  652 m2) 
(b) Thicknees is measured in the short  transverse direction 
(c) Tensile property requirements may be waived for direc- 
(d) 1 inch = 25.4 mm; 1 k s i  = 0.70307 kg/mm2 
and applies to the Itas forged" dimension before machining. 
tions in which the dimension is l e s s  than 2 inches. 
TABLE 7.114. - NASA Specified Mechanical Pzopertiee for 
Maximum cross-eectional area is 256 in2 (1.672 ma) 
Thic'mess is measured in the short  transverse direction anel 
applies to the "as forgeci'l dimension ??sfore machining 
Tensile property requirements may be waived for d:.rectinns 
in which the dimensir:. l e  le$s than 2 inches. 
1 inch = 25.4 mm; 1 It , i  = 0,70307 kg/m-rn2 
5 1  
TABLE 7.4111. - Design Tensile P r o p e r t i ~ s  for Shett. - and Plate 
69 
69 
in T73 and T7351 Tempcrs . .-- 
66 
66 
Alloy ................................................. 
n.orm ................................................ 
Condition .......................................... 
Thickness, in.M .............................. 
Basis .................................................. 
Mechanical properties: 
Fa, ksi: 
L ............................................ 
LT .......................................... 
ST ........................................... 
Ftytsi: ............................................. 
LT ........................................... 
Fcyikri: ............................................. 
LT ........................................... 
ST ........................................... 
F'. ksi ........................................ 
Fbm, kri: 
(JD- 1.5) ............................. 
(c/D = 2.0) .............................. 
Fb kd: 
,= 13) .............................. 
!c/D = 2.0) .............................. 
e, percent: 
L ............................................. 
LT ......................................... 
ST ........................................... 
QQ-A-259/12 (7075) 
T73 
0.040 
0.249 
- 
67 
67 
..................... 
56 
56 
55 
58 
38 
..................... 
105 
1 34 
84 
102 
..................... 
8 ........... 
-II_ 
Sheet and Plat. - 
I7351 -- 
0.250 
0.499 
S - -  
69 
69 
................. 
57 
57 
56 
58 
39 
................... 
106 
137 
86 
104 
................... 
7 
................... 
0.5 00 
1 .Ooo 
S - 
69 
69 
................... 
57 
57 
56 
58 
39 
..................... 
1 05 
135 
86 
104 
.................... 
7 
..................... 
1.001 1 2.001 +-.2"; 2 .ooo 
,c7 
57 
56 
59 
39 
.................. 
105 
135 
86 
104 
.......... 
6 ................... 
r e  - -  
52 
50 
24 
38 
.................... 
1 02 
131 
51 
38 
................... 
6 
................... 
-. 
2.501 
3 .OOO 
S 
64 
64 
..................... 
53 
49 
41 
51  
38 
........... 
1CO 
128 
79 
95 
........... 
6 
................... 
Note: 1 ksi  = 0.70307 I.g/mm"; 1 inch = 25.4 m n .  
(Ref. 7 . 5 )  
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TABLE 7,4114. - Design Tensile Properties for Hand and Die Forgings 
8 
Alloy .................................. 
Form .................................. 
Condition .......................... 
' s  
Thichwm, in. .................... 
Buir .................................. 
L ............................ 
LT .......................... 
ST .......................... 
Ftrr h i  -- L ............................ 
LT .......................... 
ST .......................... 
L ............................ 
LT .......................... 
ST .......................... 
F,, kd .......................... 
(c/D=lb) .......... 
F,, 
Fa,, kd ........................ 
(do-2.0) .......... 
Fb,* kd 
(do-1.6) .......... 
(do-2.0) .......... 
e, per cent 
L .................................. 
LT ................................ 
ST .............................. 
MILA-22771, 7076 - 
Die forgings Hnnd forginm 
-T6 and 
- m 2  
s 8.000 
A - 
76 
71 
66 
62 
66 
68 
46 
........ 
........ 
........ 
........ 
........ 
........ 
........ 
7 ........ 
a 
- l78 and 
-T7862 
86 
62 
66 
6a 
66 
61 
a@ 
86 
119 
70 
84 
7 
........ 
........ 
........ 
........ 
a 
-T6 urd -TSZ b 
saooo I E- 
74 
n 
........ 
69 
61 
........ 
68 
61 
44 
........ 
........ 
........ 
........ 
........ 
9 
4 ........ 
7a 
69 
61 
69 
68, 
6 l  
6B 
44 
n 
........ 
....... ........ 
........ 
........ 
0 
4 
ab 
8.001- 
4.000 
S 
n 
70 
68 
60 
6a 
67, 
........ 
........ 
........ 
48 
........ 
........ 
........ 
........ 
8 
2, 
a 
4.001- 
6.000 
8 
-~ 
69 
68 
66 
MI 
MI 
MI& 
........ 
........ 
........ 
41 
...... " ........ 
........ 
........ 
7 
t b  
a 
6.001- 
6.000 
8 
68 
66 
66 
66 
66 
66, 
........ 
........ ........ 
41 
........ ........ 
........ ........ 
6 
1, 
a 
5 a.Oo0 
S 
66 
lu 
81 
w 
64 
61 
68 
6s 
so 
.. u .... 
........ ........ 
........ ........ 
7 
4 
8 
Note: 1 ksi = 0,70307 kg/mm2; 1 inch = 25.4 mm. 
(Ref. 7.5)  
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FIGURE 7.4117. - Design Tensile Properties of 
- 
Alloy ........................................ 
Form ........................................... 
Condition .................................... 
2 Cross-sectional area, in .............. 
Thickness, in0 ............................. 
Basis ........................................... 
T76-Type Extrusions 
Mechanical properties: 
Fnc. ksi 
L ....................................... 
LT ..................................... 
F , ksi 
tyL ....................................... 
cyL ....................................... 
F,, hi .................................. 
LT ..................................... 
F ,ksi  
LT ..................................... 
Fb,,,. kd : 
(e/D = 1.5) ........................ 
(e/D = 2.0) ......................... 
F%F= 1.5) ......................... 
(e/D = 2.0) ......................... 
L ....................................... 
LT .................................... 
e, per cent: 
QQ-A-00200/1 S(ASC) 
Extrusions 
T76 T76, T76510, T76511 
1 2 5  
0.125- 
0.249 
S 
74 
71 
64 
60 
64 
65 
39 
107 
136 
86 
102 
7 - 
0.250- 
0.499 
S 
75 
72 
65 
61 
65 
66 
40 
110 
139 
89 
105 
7 - 
0.5m 
0.749 
S 
- 
75 
71 
65 
60  
65 
65 
40 
109 
139 
88 
105 
7 - 
0.793 
1 .Ooo 
S 
75 
70 
65 
59 
65 
64 
40 
109 
138 
87 
104 
7 - 
{a) For extrusions with outstanding legs, the load carrying ability 
of such legs shall be determined on the basis of the properties 
in the appropriate column corresponding to the leg thickness. 
Note: 1 ksi  = 0.70307 kg/mm'; 1 inch = 25.4 mm. 
(Ref. 7 . 5 )  
50 
-200 -100 
120 
u iii 2 d k 0 100 -ti- 
13 
2 12 
Y 
c) 
0 
4 
w' 
11 
10 
-400 -200 
0 100 200 300 OC 
0 200 4ttO 600 OF 
Te I t Temperature 
FIGURE 7.223.  - Effect of temperature on E and Ec 
of duminum 7075- T6. 
(Ref. 7 . 5 )  
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FIGURE 7.224.  - Effect of low temperature on modulur of elamticity 
of 0.250-in (0.635-cm) 7075-T6 eheet. 7 .  ,) 
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FIGURE 7.225.  - Modulus of elasticity (static) of 7075-T6 bar 
at various temperatures.  
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FICURE 7 . 2 5 1 ,  - Typical stress-strain and tangent-modulus 
Tangent Modulus, l o 3  ksi (703 kg/mm2) 
curves (longitudinal) for 7075-T6 rolled bar, rod, and 
shapes at room temperature, (Ref.  7 . 5 )  
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FIGURE 7.252,  -- Typical rtreaa-strain snd tangent-modulur 
curves (longitudinal) for 7075-T6 extrusions at 
room temperature. (P.ef. 7 . 5 )  
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FIGURE 7.253.  - Typical tenrile and tomprerrive rtrerr- 
rtrain and tangent-modulur curvea for 7075-T6 plate 
at room temperature; thicknerr, 0.250-2.000 incher 
(6.35-50.8 mm). (Ref. 7 . 5 )  
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FIGURE 7 . 2 5 4 .  - Typical t ens i l e  and c o m p r e s s i v e  s t r e s s -  
s tra in  and tangent-moddub curves  for  7075-T651 plate 
at  r o o m  temperature;  thickness ,  0 .250-2 .000  inches  
( 6 . 3 5 - 5 0 . 8  mm). (Ref .  7.5) 
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FIGURE 7 . 2 5 5 .  - Typical s t resr -r tra in  and tangent modulur 
curves  for  Clad 7075-T6 sheet  and plate at 
room temperature,  (Ref .  7 . 5 )  
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FIGURE 7.256,  - Tangent modulus curves in compression 
for Clad 7075-T6 Rheet at r3om and elevated 
temperatures; thickness, 0.064 in (1.625 mm). 
(Ref.  7.10) 
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FIGITRE 7.257.  - Typical tensile and compressive stress-strain 
and tangent modulus curves for 7075-T7351 extrusions a t  room 
temperature; thickness 0 .500-1.499 ic (12 .7-38 .1  mm). 
(Ref. 7 . 5 )  
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FIGURE 7.32 .  - Effect of ll)w temperatares on hardness of 7075-T6 
bar; thickness, 0 .750  in (19.05 mm). 
(Ref. 7 . 1 1 )  
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FIGURE 7.4121.  - Typical tensi le  s tress -s tra in  curve (full- 
range) for 7075-T6 rolled or cold-finished bar at 
room temperature. (Ref. 7.5) 
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FIGURE 7 .4122 .  - Typical tensile s tress -s tra in  curve (full= 
range) for 7075=T6 extrusions (5 2.999 in, 76.17 mm) 
(Ref. 7 . 5 )  at room temperature. 
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FIGURE 7.4123. - Typical tensile stress-strain curve (full- 
range) for 7075-T7351 extrusions (0.500-1.499 in, 12.7.. 
38.1 mm) at room temperzture. (Ref. 7 . 5 )  
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FIGURE 7.4124. - Typical tensile stress-strain curve (full= 
range for Clad 7075-T6 sheet at room temperature. 
(Ref. 7 . 5 )  
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FIGURE 7.4125. - Complete stress-strain curves for 7075-T6 
sheet at room and elevated temperatures. 
(Ref. 7 . 1 3 )  
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FIGURE 7 . 4 1 2 0 .  - Complete stress-strain curves for Clad 
7075 sheet in 0 and T6 conditions at room and elevated 
temperatures; thickness, 0.064 inch (1.625 mm). 
(Ref. 7 . 1 3 )  
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FIGURE 7 .4127 .  - Stress-strain curves for 70?5-T6 bar 
at low temperatures; thickness, 0.750 inch (19.05 mm). 
(Ref. 7 . 1 4 )  
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FIGURE 7 . 4 1  3 1 .  - Effect of exposure and test temperature 
on tensile properties of 7075 in 0 and T6 conditionr. 
(Refr. 7 . 1 3 ,  7 . 1 5 )  
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FIGURE 7.4132. - Effect of temperature on the ultimate tensile 
(Ref. 7 . 5 )  strength of 7075-T6 (all products). 
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FIGURE 7.4133. - Effect of temperature on the tensile yield 
strength of 7075-T6 (all products). (Ref .  7. 5 )  
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FIGURE 7.4134. - Effect of temperature on the elongation of 
7075- T6 (all products except thick extrusions). 
(Ref. 7 . 5 )  
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FIGURE 7 . 4 1  35, - Effect of exposure at elevated temperatures 
on the elongation of 7075-T6 (all products except 
thick extrusions). (Ref. 7 . 5 )  
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FIGURE 7.4136. - EXfect of low temperature 
on the ultimate tensile strength of 7075.T6 
(all products). (Ref. 7 . 5 )  
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FIGURE 7.4137. - Effect of low temperature 
on the tensile yield strength of 7075-Tb 
(all products), (Ref.  7 . 5 )  
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FIGURE 7 . 4 1  3 8 .  - Effect of exposure and test 
temperature on tensile properties af 
Clad 7075-T6; thickness, 0 . 0 6 4  inch 
( 1 . 6 2 5  mm). (Ref.  '1 .  !?) 
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FIGURE 7 . 4 1  39 .  - Effect of teet temperature on tensile 
propertice of 7075-  T73 (typical data). 
(Ref .  7 .16 )  
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FIGURE 7.4221.  - Stress-strain carves in compression for 
Clad 7075-T6 at room and elevated temperatures; 
thickness, 0 . 0 6 4  inch (1 .625  mm). (Ref .  7 . 1 0 )  
76  
80 
60 
40 
20 
0 
50 
40 
2 
E 
30 2 
$1: 
20 
10 
0 2 4 6 8 10 
Strain, 0.001 length/length 
FIGURE 7 .4222 .  - Typical compressive s tress -s tra in  
curves for Clad 7075-T6 sheet at 200'F (93'C). 
(Ref .  7 . 5 )  
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FIGURE 7.4223.  - Typical cornpressive stress-strain 
curves for Clad 7075-T6 sheet at 300'F (149OC). 
(Ref. 7.5) 
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FIGURE 7.4224.  - Typical compressive s tress -s tra in  
curves for Clad 7075-T6 sheet at 400'F (204OC). 
(Ref. 7.5) 
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FIGURE 7 . 2 2 5 .  - Typical compressive s tress -s tra in  
curves for Clad 7075-T6 sheet at 500'F (26OOC). 
(Ref.  7 . 5 )  
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FIGURE 7.226. - Typical compressive strese-strain 
curves for Clad 7075-T6 sheet at 600’F (316’C). 
(Ref. 7 . 5 )  
FXGURE 7 , 2 2 7 .  - Effect of temperature on the compressive 
yield strength of 7075-7.6 (all producttit). 
(Ref. 7 . 5 )  
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FIGURE 7.4418. - Effect of temperature on the ultimate shear 
strength of 7075- T6 (all products). 
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FIGURE 7.4419. -Effect of exposure and test 
temperature on shear strength of 7075-T6 
sheet; thickness, 3 / 1 6  inch (4.76 mm). 
( R e f s .  7.10, 7.19)  
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FIGURE 7 .4518 .  - Effect of exposurc and test 
temperature on bearing properties of Clad 
7075.T6 eheet; thickness, 0.064 inch 
(1 625 mm). 
(Refs.  7.10, 7 .19)  
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FIGURE 7.451 9 .  - Effect of temperature on the ultimate 
bearing strength of 7075-T6 (all products). 
(Ref. 7 . 5 )  
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FIGURE 7.4520. - Effect of temperature on the bearing 
(Ref. 
yield strength of 7075- T6 (all products). 
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FIGURE 7.4611. - Effect of notch sharpness and notch depth 
on notch strength of 7075-T6 bar (3/4 inch, 19 rnm). 
(Ref. 7.20) 
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(Ref .  7 . 1 8 )  
strength of 7075-T6 sheet and plate. 
84 
-400 -300 .zoo 4 0 0  0 100 OF 
Tee t Temperature 
FTGUm 7,4413. - Effect of low temperature8 on notch strength 
of ?OY$-TTb eheet; thicknese, 0 .125 inch (3,175 mm). 
(Ref. 7.11) 
-250 -100 -50 0 OC 
60 
3 
E 
2 
40 44 
20 
80 
70 
60 
50 
80 
70 
60 
50 
0 100 200 300 400 
Test Temperature 
0 100 200 OC 
5 5  
50 lw 
E 
E 
\ 
45 2 
40 
260 
CQ 
240 \ 
220 3 
200 
FIGURE 7.4621. - Net fracture stress and fracture toughnese 
of 7075- T6 sheet at elevated temperatures; thickness, 
-0.063 inch ( 1 . 6 0  mm). 
(Ref. 7.21) 
86 
Chapter 7 - References 
T I  
r( * 2 
7 . 3  
7,4 
7.5 
7.6 
7.7 
7.8 
7 . 9  
7.40 
7.11 
7.12 
7.13 
7.14 
S AE 4 e  rQ gpac e Mat e r ial8 Spec i f  ica tions, 
Engindere, -'New York, latest i n d c x ' m y  
ASTM qogk of Standards, Par t  6, "Light 
Am.' SOC. Test. Mate. , '1970. 
Society of Autoi,. Jtive 
15, 1971. 
Metals and Alloys,tt 
Aluminym Standsrde & Data 1970-71, 2nd Edition, The 
Ikli~bum X e  rocfation. i 
Metalc Handbook, Vol, ;, l t P r ~ p e r t i e e  and Selection of Metals,*I m7 Ea tion, 4115 SOC, Metals, 1961. 
Handbook-SA, ltMetall!r . lateride and Elements for 
h i d e  StructUrea,tl Department of Defense, FFC 1500,  
February 1966; lateot chaqge order,  January 1970. 
Materials tn Design Engineering, Materia! s Selector Iesue, 
m t o b e r - - m  3. 
J. L, Christian md J. F. Watoon, "Properties of 7000 Series 
Alumbum Alloys a t  Cryogeniq Temperatures,It Advanci 
Cryogenic Epgineer%, I ' " -  .r 6 ,  19.60, 
J. L. Zambrow and M. G. Fontang, ''Mechanical Propertlee, 
Xnclpding Fatigue of Aircraft A l l ~ y e  at  Very Low Temperature," 
Tranq, A S 4  Vol.  41, 4949. 
&lurpinurn Go. ~f America, (Iqlcc)a Alloy XZO$Q,tt September 
1958. 
in ----
D,D. Doerr, I'Deterinination of PhysiFal Pro ertiea of Monc 
AF TR-66517, Rart 1, December 1951. 
Fprrouo Etructural Si ,et Metals at Elevate6 f emperature8,Il 
Alcoa pegearch Laboratories, "Typical Tens ik  Stress-Strain 
Curves for 70TS-T6,1t Dat4 Sheetp," December 2957 . 
G. $ache st 41, , 'Xhrrelatian of Pnforrnation Available on the 
F@bric+t,ion of Aluminum  alloy^, It  Section W, Par t  V, National 
Defenm Recearch Cornmireion, September 1944. 
K,A, WaTrpn and R, P. Raed, ltTer.ii:e and fr.-pact .Properties 
of Sqlected Materiolra from 20 to 300 K,It Monograph 63, National 
Bureau of $tradardr, June 1963. 
7 . 1 5  Alcoa Research Laboratories, Data Sheet, September 1956. 
7.16 P. L. Mehr et al., IIAlwa Alloy 7075 T73," Alcoa Green Letter, 
August 1965. 
7 .17  D. P. Moon and W . S .  Hyler, "Room Temperature Tensile Psop- 
erties of Large 7075-Tb and 7075-T73 Aluminum Alloy Forgings," 
DMXC Merporandum 247, January 30, 1970. 
7.18 General Dynamic8, %ompilation of Moterials Research Data," 
4th Quart. Progrera Report No. AE 62-0138-3, March 1962. 
7.19 D. E. Miller, Determination of the Tensile, Compression and 
Bearing Properties of Ferrous and Nonferrous Structural Sheet 
Metals at Elevated TemperaturesSft Part 5, AF-TR-6517, Dec- 
ember 1957. 
7.20 E. Le Ad, F. W. DapI, qnd G. Sacha, "Tansion Properties of 
Alumhum Alloys ia the Presence of !jtress.rRaisers,ll NACA 
TN-1931, Fart I& March 1949. 
7.21 J. I). Morrison oad J. R, Kattus, "An Investigation of Methods 
for Deter-g Crsck-Propagation Resistance of High Strength 
Auoys," Sunrmry Report, Southern Research Institute, March 
1961. 
88 
Chapter 8 
DYNAMIC AND TIME DEPENDENT PROPERTIES 
8.1 
8.2 
8 . 3  
8.31 
8.32 
8., 41 It 
8,42 
a, 42) 
8.5 
8.51 
8.511 
8,613 
8,614 
8,615 
8.62 
8,621 
General. The 2oom temperature strength of the 7075 alloy is 
among the highest attainable with aluminum alloys. Its elevated 
temperature strength, however, is inferior to other aluminurn- 
copper alloys, such as 2014, 2024, and 2219. 
Specified Properties 
1 
Jmpact 
Low temperature impact strength of bar and rod in T6 conditiop, 
figure 8.31. 
Effect of test temperature OP impact strength of alloy in T6 
condition, figure 8, $2 
Cree2 
Creep-rupture 
Creep and creep rupture curve8 for all product# in Tb and 
T651 copditions (except e~trurioncr and forginga), figure 8.41 I .  
Creep and w e e p  r u p b ~ e  curves for T6 
figure 8.412, 
Creep deformation 
Short time total strain qrves for clad sheet 19 T6 condition 
a t  300' to 600QF (1$9@ tq 31h°C), figure 8.421. 
Isc?chroaoys gtregs-strain curves at 3000 and 400°F (449O and 
$04' C), figure 8.422 
Master parameter curves for 0 .  %percent total strgin and crgep 
rupture for clad qheet in Tb condition, figure 8.423. 
T6511 cxt ru~iona ,  
Stability 
Exposure qffecto 
Effect 9f e x p a e y e  to elevated temperatures on room temperature 
teqsile propertjes of allQy in T6 conditisn, figure 8 Si 11 
Cryogenic fatigqe qtrength dqta for bar rvd sheet, table 8 61 1 
SON curves 4t low ternparaturea for shaef in T6 condition, 
figure 8,612, 
S-N curvci  for extruded bar 14 T73 condition, figuro 8.615. 
Fstigue strength of gmoGth and notched bar at low temperatures, 
figure 8.614. 
Rotating beam SIN f:-.tigue data for  plate, rod, and forgings ia 
T73 condition, figure 8.617. 
Stresg rmge diagrams 
6trase r 4 ~ g s  diagaarn for bar and extrusion@ in T6 condition, 
figure 8.621 
St re r s  range diagram for srn~oth and notched bar and extruqionr 
in T6 conditiov, figure 8.622, 
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FIGURE 8.31 . - Low temperature impact strength of 7075-T6 bar and rod. 
(Ref. 8 2 )  
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FIGURE 8 .32 .  - Effect of test temperature on 
impact strength of 7075-T6. 
(Ref. 8.2)  
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FIGURE 8 .41  1 .  - Creep and creep rupture curves for all 
7075-T6 and -T651 products (except extrusions 
and forgings). 
(Ref. 8.13) 
92 
nc 
d 
. .. 
. . :. - Ruptplae - - 8.8% Creep : 
., .. .,. I 
0.1 1 10 100 1000 
Time, hrs 
60 
40 
20 
6 
4 
2 
1.5 
FIGURE 8.412. T Creep and creep rupture curves for 
7075,=T6 and -T6511 extrueions, 0.25 to 3 . 0  inches 
( 6 . 3 5  to 7 6 . 2  mm) thick. 
(Ref. 8 . 1 3 )  
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FIGURE 8.413.  - Creep and creep rupture curves 
(Ref. 8 . 1 3 )  
for 7075-T73 products. 
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FIGURE 8.421, - Short-time total strain curved for 7075.T6 
gheet at elevated temperaturar; thickness, 0.064 inch 
95 (I 625 mm). (Re€. 8 . 5 )  
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FIGURE 8.422. - Isochronous strerr-strain curves (tension) 
at elevated temperatures for 7075-T6, 
(Ref .  8 . 6 )  
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FIGURE 8.423. - Master curvci for 0 . 5  percent total 
strain and creep rupture for Clad 7075-T6 rheet. 
(Ref. 8.4) 
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properties of 7075-T6. 
' (Ref .  8 . 3 )  
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FIGURE 8,612. - S-N curves at low temperatures for 7075-TA 
eheet, thickness, 0.100 inch (2 .54 mm). 
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FIGURE 8.614.  - Fatigue strength of smooth and notched 7075-T6 
bar at low temperatures; thickness, 0 . 7 5  inch (19.1 mm). 
(Ref .  8 . 1 )  
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FIGURE 8.615. - Envelope of rotating beam S-N fgtigue data points 
for 7075 plate, rod, and forg,ingr in T73, T7351, 
and T6 conditions. 
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FIGURE 8.621. - Stream range diagrun for 707S-Tb 
bar and extrurionr. 
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Chapter 9 
PHYSICAL PROPERTIES 
9.1 Density 
9.11 Specifip Gravity 
0.101 lb/in3 at 68'F (ref. 9 . 2 )  
2.80 g/c@ at 20% (ref. 9 . 2 ) .  
9.2 
9.21 
9.311 * 
9-22  
9.221 
9.23 
Thermal Rope rt ie s 
1.. 
Thermal conductivity (K) 
T6 condition: 0.31 ca1/cm/cma/OC/seG at 25OC (ref. 9 , 2 ) ,  
900 Btu/in/fta /O F/hr at 48' F (ref. 9 . 2 ) .  
Thermal conductivity at varioue temperatures, figure 9.21 1 .  
Average cqefficient of tbermal expansion (a) 
13 .1  x loo6 Win/' FD 
Thermal expansion at variovs temperatures, figure 9.21 1. 
gpepific heat (c ) 
Specifiu heat at varime temperatures, figure 9.21 1. 
Therm1 diffusivity 
68' to 212'F 
20' to lgooc 23.6 x 10"' cm/cm/'C (ref. 9 . 2 ) .  
0.23 Btullb (?E' at 21t9FD 
0.23 cal/g OC qt 100'C (ref. 9.3). 
9,3 Electrical Fropertie s 
9. I1 
9.38  P e c t r i c a l  conductivity 
E k ~ i ~ 4 '  re L) iqtiiii 
7% condition; 31 o E e - c i r  mil/ft Bt bSoF (ref, 9 . 2 ) .  
5 . 2  microhm-cm at 20'C (ref. 9 . 2 ) ,  
T6 copdition: 33% of IACS (equal voiurne) qt 68' F (ZO'C), 
105% of IACS (equal weight) i t  68' F (20'C) ( re f .  9 . 2 ) .  
?, 5 Nuclear P r o y r t i e g  
9.51 
% .-,. ' - 
Aluminum alloys with high content of heavy metals such as e b c  
are not generally used in applications where a high neutron flux 
ir present since certain ip~tapee  of h o e  heavier metal8 axhibit 
long tthslf-lives,tl leaving the part tIhottl for  extendep period$. 
Irradiati9n of 7075-T4 alloy with 5 x lo1' fast n/cma at cryogepie 
temperatures affected tenoile properties by only about five pea-  
cent or less ( re f ,  9.4). 
9,52 ' 
105 
9 .6  
9 .61  
9.61 1 
9 .62  Damping capacity. 
9.621 
Other Phy s ic a1 Pr ope r t ie s 
Emissivity in air, 0 , 0 3 5  to 0 . 0 7  at 25OC (ref. 9 . 5 ) .  
Emissivity is known to be a functicir af the wurfacc quality of a 
metal or alloy and the value i s  also influenced by environment. 
Damping capacity is a function of the hardness or temper of the 
alloy. 
0 e 
0 
In 
r3 
0 
0 
c3 
0 
Ezc 
0 
0 
0 a 
0 
0 
dr 
0 
w 
Y 
0 
L) 
0 
rcc rcc 
W 
w 
d 
cr 
B 
n 
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Chapter 10 
FORROSION RESISTANCE; AND PROTECTTON 
10.1 General, Despite i t s  high chemical reactivity qnd affinity for 
q l u m i ~ u m  generally exhibits excellent corrosion resiatr  
ance in mogt compoq environments because it paseivates span- 
tgneourly vn@er normal oxidizing coqditions . The passive film 
4s a harq, strongly adhering layer of ahminurn oxide, estimated 
aa &R100 YI 18”7 mrn thick on glurninum exposed to air (ref, 10,1), 
yrhic protect4 the metal f r o p  direct attack. Thus, the corrqeion 
rgte of alvminum generally decreases with time, except uqder 
ievere or rpqc$fic q7cporure conditione khich tend to dierupt the 
gqss ivs  film. 
Outdoore, qtlpminum and its alloys weqther to a pleasant gray 
colqr, with qqme Snitial auperfieial ptttina which gradually cease# 
(ref, 10, &)*  Industrial soot, aulfur dioxide, arulfur taioxid,, and 
marine eprsy tend to iporeqse 6trpospheric c ~ i r o ~ i o n ,  bvt hydro- 
gep sulfide qnc) carbon diojcidp do not (yef * 10.3). Tyanty-year 
feats 4t #ever81 maripe, induetrial and rura l  si tes have shown 
that atmospherip qttacb on @luminum takes place prindpglly in 
the firat  year and prpgrqeses very slowly beyond the apcond ye+r 
( re f ,  10.4). EvRn *f high taxqperRtures is dFy atmpspheres, 
@winurn i e  highly regiptaqt bo meet cornmcpn gaeee, excgpt the 
balggenq (ref. IO. 2). 
In aqveous envir~nanants, corrosion resirtmae of alumifrum ie 
greatest qnder peutral 33 $lightly acidic OF alkaline cpnditionp, 
where the protective oxide film is most stable (pH 5 .  !L$. 5 at 
roqp temperatutp, 4.5-7 at ?go c (rofs,  10.1, 10.5) .  Strong 
alkalies q d  gtrcng nonorldiaipg acids apetroy tbc oxtde and 
greatly aocelerhte corrosion, Pitting attack occura in waters 
containin4 cbloride or other halogen ions, particulalrly et crqva 
ices o r  stagnant areas w b w .  passivity bpcakdcwn i s  acaeleratefl 
by differential garativc effects. Traces of cqppor, iron, and 
merqury ions are alsp effective in promotipg localized attq,ck 
via gaXvaniq cell0 formed betwees a)ymj.nuqv aqd metar deposited 
‘by r e p l w e n s n t  yea~t ioqs  (ref. 13.1). Singe alurnlnurn Le strongly 
anodic ta most other common metqle, galvanic coupllng with 
!hem gepepqlly p r o d w w  YTvere attack on the alumilnum, eqpecbavy 
in @ea water ( P q Q ,  l o , $ ) .  
- 
Aluminum aqd i t g  alloy8 a r e  rather rpsiakant to most molten ratp. 
H ~ w e v e r ,  molten metals gengrally attack alwninvm, particularly 
ainc and tin, which form alloys (ref 10,Z). Even a smpll amouqp 
of mprc r y ~ i s  qsRc3cially harmful, since i t  breaka clown paeslvjty 
~r fiheet ( r e f ,  10, i], Under i ~ m e  conditioae, dluqr-inurn exhibits 
and ,&ma Pgwqates, caqoirrg rapid perforation of aluminwn piping 
very poor resistance to chlorLated solvents and may even react 
explosively with them; howzvc 
inhibited, may be used for clcniiing and degreasing without harm 
(ref. 10 .6) .  
such solvents, when properly 
Aluminum purity significantly affects i ts  corrosion resistance,  
High purity metal is more resistant than commercially pure alum- 
inum, which in turn is generally more resistant than most alloys 
(ref. 10.1). Corrosion resistance of dpecific alloys is affected by 
composition, heat treatment, and s t r e s s  conditions. 
The anodic electrode potentials of duminum alloys may cause them 
to corrode sacrificially when in contact with most other metals in 
corrosive environments. When possible, direct  metallic contact 
with a more cathodic metal should be avoided. The 7075 alloy, con- 
taining both zinc and magnesium in solid solution in aluminum, 
has an electrode potential that is more anodic than that of pure 
aluminum. The electrode potentials of aluminum and some alloys 
a r e  given in table 10.11. 
The resistance to corrosion of the 7075 alloy and other aluminum 
alloys is affected by composition, heat treatment, and st rese  cond- 
itions, as discussed further below. 
10.2  Resistance to Corrosion. The general resistance to corrosion of 
the 7075 alloy is good and its resistance is improved *.vith heat 
treatment and artificial aging, Compared with other aluminum alloys, 
this alloy e-xhibits good cvrrosion resistance in rura l  atmospheres 
but is attacked by industrial and marine environments. 
alloy, in general, is less resistant to corrosion in most other en- 
vironments than the other wrought aluminum alloys. 
resistance is improved by cladding; Alclad sheet and plate a r e  avail- 
able. The clad material  normally used is a low-zinc alloy, 7072, 
which has a resistance to corrosion a b u t  equal to that of pure 
aluminum. 
The 7075 
Corrosion 
A thermal treatment ha3 recently been developed for the 7075 alloy 
which provides excellent resistance to corrosion. This new temper, 
designated T73, is highly resistant to stress-corrosion cracking 
(SGC), does not exfoliate, and is practically immune to intergran- 
ular currosion, The general Burface corrosion which occurs in 
severe environments is predominsntly a pitting type for this temper 
(ref. 10.7) .  In die forgings, the T73 material  is guaranteed to be 
capable of passing the accelerated stress-corrosion test  spccified 
in MIL-A-22771; SCC tests  were conducted on 205 t ransverse spec- 
imens, from 66 lots, taken across  the parting plane of 7075- T73 
die forgings. The forgings were of various par ts  such as tubular 
fittings, hydraulic cylinders and landing gear sections of various 
sizes. The test  employed was a 3.5- percent NaCl alternate immer- 
sion a t  a s t r e s s  of 0 . 7 5  Fty (42 ksi)  for 84 days duration. 
occurred :n any of the 205 specirncna (ref. 10.7). 
No failures 
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In a seacoast atmosphere, 4 stressed specimens from T73 forg- 
ings did ppt fqil after axpoaure for 46 plonthaa. However, 1 of 
10  specimeps exposed in qn industrial environment failed in 
28.6  months. Of the remaiping 9 specimena, 4 did not fail in 
47 moathe and 5 did not fail in 61 rnanbhs. These results, and 
others, indicatq that 7075-T73 has excellent resistaqce to 
s t r e s s  corrssion in all directions with respect to grain orien- 
tation. It should be noted that the T6 temper exhibite high re- 
mistance in the longitudinal and long-transverqe directiona, but 
is susceptible to atzess-covrosion cracking i~ the Bhort-traps- 
verse direction. 
The rede taace  to s t r e s s  corrosion of 707!$-T6 sheet and fargings, 
in varioue apvironments, i e  shown in table 10.21, Compgratiue 
l4ta for forgings for commercial grade plate a r e  presented 
!n figureg 10.21 and 10.22. Prepium gtrength die  forgings that 
provide mechanical prapertieg eqvivaleat to those of 7075.7'6 
and assure B strese-aorrosion r e s i s t awe  approaching that of 
7075?T73 have been developed and a r e  offered in the 7075-T736 
temper (ref. 10,14). 
A study w8a made to afiqertaip tbe effect of ehort-time gqpoguqe 
of etreseed tensile specimens of clad 707SIT6 eheet trj a Uquid 
flwqine environment. $pFcim ne were tested 1Zqqid nitrogqp 
(r32Q0F, - ?  96°C)C0 determine F tu? Ftyp and elongation in a nonT 
rqiilctive environment. Similar determinations were msde in an 
envimonrqe;nt of liquid fluorhe at -lS)BoC,and epecimens ware 
held at 9 e t r q q s  eqval to 0.9 Ft for 2 hours before continuing 
the teet to failure. f$ slight decreage in Ftu of about 3 parGent 
and a docreqese $n tlongetion af about 2470 were obsery@. It was 
believed thet the indicated eftect wag due @ contarntni)ntq in 
the flpwine envirarynenf (ref. 10.11). 
The compatibility or' engineering rnat+:'ials with cryogenic and 
noncrypgsniq propellent4 has beelp s u r ~ q q ~ e d  (Sef.  10.1Z) and 
the report  indicates thiLt thq 7075 a l h y  ie cqmpatiblc wit4 the 
followin2 prope$l+ntp under most condition8 dor long-term 
applicat : b++a : 
Liqqd oxygan (LOX); nonccwro&ea but, embrlttlernent 
may OWUP due t9 low temperature. 
Aaroeine,SO (50% hy4raaine40% U D m )  w t  160° F (7loa), 
Uawyrnrn4rical Dimethylhydraaina (UDMH) a t  160' F /71°C\ 
maximum. 
Hydrazine (N& ); some authoritieq diragrae, however. 
Nitrogqn tetroxide (YaO,); 0 and T6 conditions if 'leqr than 
0 . 2  and Oe6% H,O !P present. 
Fentaborape (B,H, 1; T6 condition. 
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The effect of neutron irradiation on the stress-corrosion of 7075-TG 
in alternate-immersion tests (3.570 NaCl) is illustrated in figure 1 0 . 2 3 ,  
The effect of shock-loading or. the s t r e s s  carrosion of 7075-T6 and -IT73 
in alternate-immersion tests (3.57" NaC1) is Bum-marized in table 10 .22 .  
Crack propagation rates f o r  ?075-T6 in severzl  environments are given 
in table 10.23. 
10.3 Protective hrlt?asures. Anodic coatings are widely used for the corrcsion 
protection of aluminum alloys. These oxide coatings a r e  hard and a r e  
abrasion- and corrosion-resistant. Cathodic protection has also proven 
effective in retarding both general dissolution and localized attack, although 
overprotection by this iliethod should be av-;*'ed to insure against narrnful 
accumulation of a1k:li at the cathode FurfaLC (i-ef. 10.1).  
It has been found that if 70?5-T651 specimens are prpco-roded in 1 Id NaCl 
(buffered to pH 4 . 7 )  and then dried thoroughly in a partial vacuum pryor to 
corrosion testing under stress, the time t o  failure i a  greatly increased 
(ref .  10.15). 
Fainting, organic, and inorganic inhibitors hayr.2 beer applj sd v,-ith success 
in specific cases (refs. 10.2,  10.13). 
'The 7075 alloy is available as Alclad sheet and plate which c--sists of 
hare  7075 with a thin coating of 7072 alloy on one or  both suALc+ces. Tbe 
clad alloy is chosen to provide a surface having a high resistaiice to 
corrosion and sufficiently anodic to the 7375 core IX derial to afford 
electrochemical protection. 
The effects of various surface treatments on the resistance lo  corrosion 
of 7075-T6 forgings is summarized in tablc l f J . 3 1 .  
Surface treatments a r e  discussed in greater  detail in chapter I 1 . 
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TABLE 10 .11 .  - Electrode Potentials of Aluminum and S o ~ c  Alloys (a) 
- 
Ref. 10.8 - - 
(Aqueous solution of 53  g NaCl and 3 g H,O, per l iter) 
4 - ,  , . -.-- 
I P , ,. . - .  . , '.. . - , . .  . . . 
Al t Zn t Mg (4% MgZn, solid solution) 
A I  t ZE ':7b Zn solid solution 
-1.07 Volt 
-1.05 Vclt  
qclad P 075 -0.96 vot: 
4 . 0 1  Volt 
4 . 8 5  Volt 
-0. B3 Volt 
54$6 410 
Al (99995 %b 
bq41vT6 
707S*T6 4.81 Volt 
2014-T6 4.78 Volt 
201wT4 and 2024mT4 4 . 7 0  Vclt  
FQld Steel 
1 
TABLE lO.21, - Strcr raoeion Resistance of &lwninum - , .  MlOY8 . .  - .  (a) 
Ref. 10.9 
Exposure, 
days 
T 
84 
365 
365 
84 
365 
300 . 
365 
365 
84 
365 
365 
84 
368 
965 
a4 
Tendon 
3peeimen, 
k yiled.(cJ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
10 
0 
0 
20 
0 
c 
n). , .  
Average Lo88 in 
Tensile Si 
Unstreseed 
____R_1__ 
48% 
18 
7 
21 
6 
33 
16 
6 
13 
'p 
2 
14 
8 
1 
.c 
pspixlnaqra were taken from produption eheet, 0.063-in (1,6-mm) f&ck, 
expssed to 3p1/$7~ Mac1 were alternately immarrad. 
75% of yield strength. 
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TABLE 10.22. -Effect of Shock Loading on Time to Failure of Variously 
Aged Specimens in Alternate-Immer sion Stress  - Corrosion Tests 
Unshocked ( c )  
10 (2) 
Source 
Shocked (b) 
2 (4) 
Uloy 
Billet 
3 L. 
3 
3 
3 
3 
3 
2 
2 
2 
1 
Ref. 10.16 
7075 
Heat- Treated 
Condition (a) 
s olu t ion - t r e at ed , 
4-hr a g e  at 250'F 
7075-T6 
7075-T6, overaged 
1 / 2  h r  at 350'F 
7075-T6, overaged 
1 h r  at 350'F 
7075.T6, overaged 
1-1/2 h r  at 350'F 
7075-T6, overaged 
2-1/4 h r  at 35OoF 
7075-T6, overaged 
3 hr at 350'F 
7075-T6, overaged 
5-1 /2  h r  at 350°F 
7075-T6, overaged 
8-3/4 h r  at 350'F 
7075-T73 
3 (4) 
4 (4) 
2 (4) 
4 (4) 
3 44) 
5 (3) 
35 (1) 
(a) 250' F = 121'C; 350'F = 177% 
(b) Shock-loaded at 204 Kb (about 2070 kg/mm2) 
( e )  No. of tes ts  in parentheses 
114 
TABLE 10.23. T Crsck Propagation 1 8  Rate8 (152a/bPJi 
I I I -7 
StTese lntanlrity, 
AK, k g i m  
I. , 1 - '  i 7- " V  
3. !? 
S 
9 
I 
in Several Environments 
' I  
Crack Propagatign Rate,  Mic ch per Cycle (+) m-w r s - W e t  Air,  3 .  m a c I  * 
<lo'% RH >30% RM Water Solution _ _  - _ _  .I 
I I 1 .  .., 1 .  ,, ;.. .I I . . ,  4 * .  .--- . T - -  - 
10 
$100 3'2 I 9.42 1 .3  2,o 3.8 7.4 13 27 50 80 
,,, , , ,.(. , , , , , I , ..., " 
! 
0 .I 
0 
In 
"1 
Q) 
Q) 
0 
In 
N 
I S)1 'SS3b118 N O I S N U  03NIVlSflS 
116 
E 
70 F 
; 
f 60 
Time to Failure, hourr 
FIGURE 10.23. - Applied rtrerr VI rttera-corrorion time 
to failure in alternate-fmmerrion (3.57" NaCl) testa 
op irradiated 7075-T6 rpecjmenr . (Ref. 10.17)  
Chapter 10 - References 
10.1 H.H. Uhlig, Corrosion and Corrosion Control, John Wiley & Sons, 
10.2 L.L. Shreir, Corrosion, John Wiley & Sons, New York, 1963, 
10.3 
10.4 Symposium on Atmospheric Corrosion of Non-Ferrous Metals, ASTM 
New York, 1963, Ch. 20. 
Vol. I, Sec.4.1. 
P. M. Aziz and H. P. Goddard, Corrosion, - 15, 52% (1959). 
STP-175, 1956. 
10.5 J. Draley and W. Ruther, Corrosion, - 12, 441tS480t (1956); J. Elec- 
trochem. SOC., - 104, 329 (1957). 
10.6 A. Hamstead, G. Elder, and J. Canterbury, Corrosion, - -  14,189t (1958). 
10.7 P. L Mehr et al., !IAlcoa Alloy 7075-T73,I1 Alcoa Green Letter, Alum- 
inum Co. of America, August 1965. 
10.8 M e i d s  Handbook, Vol. 1, I 'Properties and Selection of Metals, 8th 
Edition, American Society fo r  Metals, 19L1. 
10.9 D. 0. Sprowls and R. H. Brown, "What Every Engineer Should Know 
About Stress  Corrosion of Aluminurn,'l Metal Progress, - 81(4), 1962; 
81(5), 1962. 
10.10 H.R. Pritchard, "Stress-Corrosion Tests  on Commercial and High 
Purity Grade 7075-T6 Aluminum AlloyYt1 Frankford Arsenal, Memo 
Report M65-17-1, May 1965. 
on the Mechanical Properties of Several Sheet Alloys,1t NASA T N  D- 
1706, Apr i l  1963. 
- 
10.11 H. T. Richards and M. P. Hanson, "Influence of Fluorine Environment 
10.12 K. D. May, llAdvancecI Valve Technology," NASA SP-5019, Feb. 1965. 
10.13 D. N. Williams, tlEnvironmental Corrosion-Fatigue Behavior of Alum- 
10.14 
inum A11oysy1' DMIC Memorandum 249, June 1970. 
F. C. Maciejewski, "Premium Strength Forgings in 7075 Alloy with 
S t ress  Corrosion Resistance," Harvey Aluminum Product Development 
Report, December 1970. 
10.15 S. B. Brummer and F.H. Cocks, tlIncreased Resistance to Stress Cor. 
rosion of Aluminum AlloysSt1 NASA Tech Brief 70-10396, September 1970. 
10.16 A. J. Jacobs, !!The Mechanism of Stress-Corrosion Cracking in 7075 
Aluminum,'I presented at Conference on Fund. Aspects of Stress-Cor- 
rosion Cracking, Ohio State Univ. , Colurtibus, Ohio, 11 - 15 September 
1967; sce also NASA Tech Brief 70-10527, October 1970. 
10.17 A. J. Jacobs and G.G. Bentle, !'The Effects of Point Defects and Dis- 
locations on the Stress-Corrosion Susceptibility of Aluminum Alloys,ff 
Final Report under Contract NASS-20471, 29 April 1969; see also NASA 
Tech Brief 70- 10506, September 1970. 
118 
Chapter 11 
SURFACE TREATMENTS 
1 1 , l  General. A wide variety of gurface treatments can be applied to the 
7075x0~ (and obher aluminum alloys) to protect and improve the 
appearance of the surface. These include mechanical, chemical, 
+nd electrochemical finiahes a s  well as organic, porcelain, and 
paint coatings Alclad fprme of aluminum alloys have a very high 
inherent rpsistapqe t9 corrosion and may be used without benefit 
of protective pqqtings for eome applicatic?s (refs. 11.1, 11.8). 
(See a l e s  table 10.31.)  
1t . c! Alclsd Productw. TPe 7075 alloy i r  gvailable a8 Alclad crheat and 
ate, iyliich'conaisbs of bare 7075 core material  clad with a thin 
g a t i n g  of 7072 alloy on one or bath eides, The clag material  is 
rnghallprgically bonded tp the corg material  and is chosen to provide 
8 gurface hpving a high regiqtance to cprroei~n and oufficiently 
anodic to the 7075 core to affprd eleqtrpchemical protection to i t  in 
qoorosive environments. Conqequently, any spot of attqck can pen- 
etrate only @e deep ap the core alloy where further p r o g r e s ~  is 
ptppRttd by cathodic protection. Corrosion is thvr confined to the 
cia matgrial o@y. The l ife of the claddipg ie 4 function of i ta  
 eref fore, {imit corrqqion tip a relatively-thin clad rurface layer 
(ref. 11.2). 
tbic L ess and thp aeverity pf the enviaopment. AIclad products, 
I 1  3 Mqchsnical. Finisbee, Mechanichl fjnirhes a r e  urod to a l ter  the tex- 
1ure"of the alloy" surfqce to provide a more decorative appeqrancs 
OP a8 a treatment prior to other finishing ouch an painting. Grind- 
Lpg, polirhing and buffing rerult  in rmoother reflective rurfaosr,  
Abrasive blaoting (rand or gri t )  gives a rough matte finirh whi& 
i s  often used as a base for organic coatings. Scratch finishing, 
ratin finishing, Butler finirhing, and skin firrirher ,are rcratchsdr 
line finishes which remove minor rurfacp defect8 apd provide li 
decorative effect. Mechanical methods remove the original 4sryr  
oxide film, For thig reason, mechanically finiehed par t r  are often 
given a pratective coating by anodiping or  lacquering. The porri- 
bility of generating an sxplorive mixture of fins powder an4 air 
during mechanical finish operation8 qhould be recognieod (ref,  11.3). 
Anodic coatingr are hard, abraoion and corrorion rerirt- 
I L 4  %% an ox e coatingr, The rlloyr can be anodically cortsd in a number 
of elsctrolyter, but moqf commerical anodizing ir done by either 
the sulfuric acid or  chromic acid proceoi,  The thicknerr of the 
coating i r  dspendetlt upon tho anodizivg time, Coatingr produced 
by the rulfuric acid ppocsri vary in thicknorm from 0,0001 to 0,001 
nch (0,0085 to 0,025 mm). Cortingr produced in chromic acid vary a rom 0,OOOQl , to O.OO(l09  inch (0,00025 to (LO023 mm), @odic cort- 
tngr provide @oo# prpteqtion qgaiqrt aorro~ion and are excellent 
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bases for paint coatings (ref ,  11.1).  However, the chromic acid pro- 
cess  does not provide as corrosion-resistant a coating as does the 
sulfuric acid process (ref. 11. 10). 
11.41 In recent years a number of new methods have been developed for 
producing heavier anodic coatings of f rom 0.001 to 0.010 inch (0.025 
to 0 .25  mm). These methods require electrolytes which enable the 
oxide growth process to continue until the desired coating is obtained, 
Another recent development in coatings is that of hard anodizing, 
designated as "hardcoatings . I '  Processes  most suitable for  a wide 
range of applications a r e  Alumilite ?26 [oxide coatings, 0.002 inch 
(0.050 mm) thick) and Martin Eardcoat. [coating thicknesses up to 
0.004 inch (0.10 mm)]. A flash hardcoat of a very thin film can also 
be applied by these methods by shortening the normal time cycle. Tht 
operating conditions for thc two baths employed for these processes 
a r e  given in table 11.1. The Martin process should be specified where 
maximum hardness and corrosion resistance a r e  required along with 
thickne'ss buildups to 0.004 inch (0.10 mm). Alumilite 226 is selected 
where hardness and corrosion resistance a r e  required and 0.002 inch 
(0.05 mm) is thc acceptable maximum buildup. Further details of 
these processes are given in roference 11.9. 
11.5 
11.6 
11.7 
Chemical Finishes. Chemical finishes are of three main types. Fin- 
ishes used fo r  decorative effects include caustic etching, acid etching, 
and chemical polishing. Etched surfaces have a matte appearance while 
chemically polished surfaces a r e  highly reflective and require pro- 
tection by anodizing o r  lacquering. 
Conversio.n coatings can be oxide, phosphate, or chromate types and 
a r e  used primarily as base coatings pr ior  to application of organic 
coatings. Miscellaneous special-purpose finishes include those pro- 
duced by the Alrok process, modified Bauer-Vogel process,  and 
processes for staining aluminum alloys. 
Electropolishing . This process produces a highly reflective surface 
and is often used for surface preparation pr ior  to microscopic exam- 
ination of metallurgical s t ructure .  
Electroplating of aluminum alloys has gained increased commercial 
use in recent years .  A coinmonly used finish con.sists of successive 
deposits of copper, nickel, and chromium. Other metals may be 
applied over the copper. A satisfactory base surface for  electro- 
plating is provided by immersing the aluminum part  in a solution of 
sodium zincate of controlled composition. Brass ,  iron, silver, o r  
chromium can be applied directly over this zinc immersion coating 
(ref. 11.4). 
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11 . 8 Faintin . When severe csnditians of exposuro are to be encoun- 
m;ra;'ft i s  frequentJy dsr i rable  to protect aluminum allay surfacca 
,with paint, Prior to painting, the surface should be properly pre- 
pqrzd before priming. A clqan and dry aurfacq, qne free f r o p  
grease,  dirt, dust, moistyre, and foreign matter, is of prime im- 
portance. For adeqvate adhesisn and max iqum corrosion protection, 
a chemical converdlon cogting per Mil-C-5541 or  anodic coating 
per Mil-A-8625 should be applied. The properly trcated surfaces 
are then primed with a zinc chromate primer per Mil-P-8585; for 
(qeyere canditions sf exp9purc, both primer and joint compound 
p l p l d  be used 
evgr i t  is impractical to applyr the pretreatment qoatipga, a cherq, 
pleaning pan MiL&101057i~ 3 (phosphari9 +.cid metal, cpnditioqsr) 
pr  a mild mpclq.niFal cleqning +re  sometime$ qnployed, Thplse arp 
followed by a chromate pigmented prinwr., 
A l l  aurfacea excegt cantacting surfaces may be given a recond csqt 
of paint consiobiny bf two pound8 pf a l u m i n a  paqte pigment (4STh-l 
/5;pcc. D962, Type p, klasq 8 )  per gallon ( 0 . 2 8  g / m l  
which mwts Federal Spec. TT-Va86b, Type I1 or  eqrrivalant, The 
fipal aarqembled structure may '$e finiebed with 
ipum paint. One o r  moue Coats of alkyd bape epawel (pigmeqted 
to destred c o l ~ r )  may be substitute@ for aluminum paint (pef I 11,5). 
joistg. For lesp geyqre environments or wvher- 
of vigrnish 
coat of alum- 
O X  81 To w b i m i z e  s t r p ~ a ~ c a r a ~ s i a n  crztcking whep the alloy i a  pubjected 
to susfsined gqrfacs gtyeesee and cqrroeive envircmrwnbo, ceatgin 
lsurface treat;mant$ and p ~ ~ t e c t i y e  coatings &re effective, The mogt 
effective protection is nbtained by @pplying a topcoat sf epo~y- 
palyamidc pabt  ta rhotqppewd lor metallized surfacer of the gllpy.. 
fhtisf+c.tory tempqwry prottktiorl i a  obtained by an electnqplated 
gqlvwic Coating ( 0 ,  Q8 to 0, IO m), OP a tppcpat ~f paint containing 
epsqppolyamide oy po#yurethepe wsins .  The former is prqferoed 
4,nd cgn 4s used on ynprimd qatrfacee, Care i o  necemary to prey 
vent broaking or gcratcking the paint film, Shot peenbng ;lpnp will 
provide good syrface pyotectisn (.if all svrfapqe are treated) vben 
Cqrposive environment not eeveye. Anodiu fqvs and zhcr-rich 
r;)+iats w e  the least effective ~ a a t i n g s  for prefenting s t ress ,corro-  
don qrackipg ( r d .  11 6). 
1.1 9 Pwcela'n Enamelin , The principal differepce betwean parcelsin 
?&*ii*rn gllsyc and pther rn0ta16 is the w e  of por- 
cqh+in fritq, whiq$ melt, at lowaa temperatures,  HighFle+d fri t8 
(rps commonly used an$ they cqn be formulated in p wipe vaniety qf 
calora pud surface finisqeq. The enamel slip i s  sprayed onto &em- 
&ally clsgrfed apd trqaterf eurfacee and then fired at fernpsrcturse 
of 750' to i1)50° F ($IOo tq 566%) for  a period of A to 8 minptap 
( ref .  11.7).  ' 
TABLE 11.1, - Baths for Hard Anodized Coatings 
Martin (a) 
~- 
Source 
Alumilite (b) 
Alloy 
I 
I 
Parameters  
Compo s i t  ion 
Electrolyte Temp. ,  F 
, *c 
Current Density 
- 
Ref. 11.9 
Aluminum Wrought Alloys 
Process 
1570 HSO, 127'0 H,SO,, 
17'0 H,Cr, 0, 
25 to 32 
-4 to 0 
48 to 52 
9 to 1 1  
25 asf 36 asf 
(a) Developcd by the Martin Company 
(b) Developed by the Aluminum Company of America 
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JOINING TECHNIQUES 
12.1 General. The 7075 alloy is not considered to have good fusion 
m i t y  in my temper and fusion welding of this alloy is nst 
normally iecommended. The alloy is @eo difficult to weld in 
the annealed coqdition (b temper) by resistance welding techw 
niques. Resistance welding of all beat treate$ tempers, how- 
ever, is oqcceesf f ly  accomplished if special practices are 
employed. 
Brazing, g+s weKing, or soldering of 7075 is nrot rscowended,  
as satisfactory methods have not as yet been developed for this 
alloy. The aloy can be satisfactorily joinep by riveting or 
boltipg (Tefe. 1$.4,12.5,l2.7). 
14.21 Fusion Wel&ng. Fusion welding of ols 7075 alloy is qat normally 
3eco -a$ ratiefactory method8 have not been devehqed 
for tbis alloy. 
12.32 Electrical Resietapce WeWFng. Resi&anc;q Rdding (spot  eld ding 
or ' i e a r n ' w e l ~ s ' a ' m o a t  ir'eeful and e p n o d c q l  method of 
joining aluminum aUqya. Sa~sf%qtqpy spot or seam weltis 4re 
mads in'7075 rn+Fprial in all. heat treated tempers by reqietance 
mathodo, but special practices are required. Mechwiql ay qhem- 
fcal  cleqning of the cantact surface@ is neceseary to Qbtain conw 
ristent pqd sound welds. Xn abrprqft onetructior), It i s  recorn- 
rnepfled that the wqtact fegiptppae 9 f the elements ts be Jpined 
be c o n t ~ ~ l l y  c&qked to enawe surface cle4ines;g.  For beet 
Fesults, thc surface contact resiptance shod@ not exceed $0 
rniqrohrps. Details on sMrface cltxtnipg aye givcn irr, refersnpp 
18.4. The choice of the type of yesiataqoe welding machipp.for 
spot or seam welding of alummum alloys depends partly on the 
power supply, jts voltage qiop characteristics, demapd l i m b  
ptions and other qimilar factorq. A mare detailefi d~ecussisn pf 
resis tanpe weldbg cquipmeqt is given in rcferenceg $2.4, I 2 . 8  
t2 .23  Meqhaqjcal Propertieo pf Spot Welf!, The gtreng* nf spot weldeq 
joinfs be#en@ to 4 kkge' extenf'upon the stefic 8Lrength of ewzb 
single wsld s p t .  The itatig strepgth pf typical siqgle eppt weld6 
in tenpion i s  given in figwe 18.1 for datj 7075=T6 sheet qf 
various thiyknesscs. The maxirpum static gtrepgth of spot weJded 
joints, snd corresponding m;u5i~um spat weld pitch fqr glad TB 
sheet, are jrprqrrlarjrs$d in table 12.1. 
f 
125 
The suggested minimum joint overlap and spacing of spot welds is 
given in tablc 12.2, and thc inininiuni allowablc edge distance for 
spot-weldcd joints is shown in tablc 12.3. 
Spot wcld maximum design shear strength in panels is presented in 
table 12.4 for bare and clad alloys. The efficiency of the parent 
metal in tension for various spot weld spacings is given in figure 
1 2 . 2  
The use of spot welds on military structural  par ts  is governed by 
the requirements of the procuring o r  certificating agency (ref. 12.6).  
The requirements for equipment, mateirals, and production coatrol 
of spot and seam welds in aluminum alloys is covered by military 
specification MIL- W-6858C. 
12.3 Brazing. Brazing o r  soldering of the 7075 alloy' is not recommended 
(ref. 12.5).  
Rivetin . Riveting is the most commonly used method for  joining dt is a oy. Riveting methods are highly developed and a r e  largely 
independent of the operator's skill. Thus, uniformity of riveted joint# 
can be readily attained (ref. 12.10).  Specifications for riveting of 
aluminum alloys are listed in table 12 .5 .  
12.4 
12.41 Aluminum alloy rivets are preferred for the fabrication of aluminum 
alloy structures,  although cold-driven annealed steel r ivets have 
been used success id ly  far certain applications. To determine the 
strength of riveted joints, i t  is necessary to know the strength of 
the individual rivet. In most cases, failure of such joints occurs by 
shearing, in bearing o r  tearing of the sheet o r  plate. Table 12 .6  , 
gives the average shear strength,Gf driven rivets of various alum, 
inum alloys. These values may be considered representative of 
properly driven rivets, although occasional driven rivets may fall 
below thc average by 5 o r  10 percent. It is customary to use a slightly 
la rger  factor of safety for  the shear strength of rivets than is em- 
ployed for  other par ts  of an assembly. The design of joints where 
rivets a r c  subjected to tensile loads should be avoided. Bolted con- 
nections may be used where high tensile s t resses  preclude the use 
of riveting. Information in greater  detail on the riveting of alum- 
inum alloys is given in references 12 .10  and 12.11. Design data 
on mechanical joints using rivets o r  bolts may be found in Military 
Handbook-SA (ref. 12.6) .  
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Source I Ref .  1 2 . 6  
I 
Alloy Clad 7075-Tfi . 
E 
7r.  :'* 
0,010 
0,012 
0.016 
0.020 
0 , 0 2 5  
0.032 
0.040 
0 .050  
0 . 0 6 3  
0.071 
Q. os0 
0 ,090  
Q. 100 
Q =  115 
0.125 
-- 
Thickness of 
Thinqest Sheet, 
inch (b) 
288 
346 
461 
577 
72! 
923 
1059 
1230 
1452 
1589 
1742 
1913 
2084 
2289 
2511 
Pitch, 
inch 
0.167 
0.173 
0.191 
0.205 
0.225 
0.261 
9.302 
0.369 
0,415 
0.471 
0.525 
0 , 5 7 2  
0 .622  
0.675 
a. 194 
Multiplt 
Str eqgth 
1b/in (F) -
438 
526 
701 
076 
1095 
1402 
1752 
2190 
2759 
3110 
3504 
3 942 
4380 
4096 
5475 
1 
0.114 
0,126 
0.128 
0 . 1 3 5  
0,148 
0.170 
0.194 
0.212 
0.234 
01272 
0 . 2 9 0  
0.310 
0.158 
0 .  a55  
1 1 
rpw spacing i s  at minimum and 
(c) 1 lb  = 0.454 kg.  
TABLE 13.2,  - Suggested 1 -h - . ' r -  ' wnimum ' t  ' 3 '  I . " -  Joint O v e 3  , 
and Spacing of Spot Wqlde 
! ,  7 I .  7 . .  " r r ' - ' , ' - - .  r' 
Scurcc 
Alloy 
Ref.  12.4 . I .  . . - -  .rr.. 
Alumilium Alloys 
1 "  I '  
Thinnqqt Sheet 
in joint, i n s  
0,016 
0.020 
0, og5 
0.032 
0,040 
0.Q51 
0.064 
0.072 
0.081 
0.091 
0.102 
0 .  ti35 
( 8 )  1 inch s 25.4  rnrn 
1-  -- r 
$ipi&um joint 
yerlap, isch 
5/16 
3/8 
3 /8 
112 
7/16 
5/8 
3 /4  
13/16 
718 
15/16 
1 
1 118 
Minimum welc 
inch 
3 / $  
318 
318 
112 
112 
5 /8  w 
3 / 4  
3 /4 
7 1 8  
1 
1 1/4 
7 ' ' .  . _ ' '  - , 
TABLE 12 .3 .  - Minimum Allowable Edge Distances 
far Spot-Welded Joints (a. b. c ,  d)  
1 
-. 
Source Ref. 12.6 
Alloy Aluminum Alloys 
Nominal thickness of the distance, E, inch thinner sheet. inch I 
0.016 
0.020 
0.025 
0.032 
0.036 
0.040 
0.045 
0.050 
0.063 
0.071 
0.080 
0: 090 
0.100 
Q. 125 
0.160 
3/16 
3/16 
7 /32  
114 
1 !4 
9 / 3 2  
5/16 
5/16 
318 
3 / 8  
13/32 
7/16 
7/16 
9/16 
518 
(a) Intermediate gages will conform to the requirement 
(b) Eclge distances l e e s  than those epecified above may 
for the next thinner gage shown. 
be used provided there is no expulsion of weld metal 
or  bulging of the edge of the sheet or dpmage to bend 
radii by electrode. 
(c) Values may be reduced for nonstructural applicationq 
or applications not depended on to develop full weld 
s t y  ength. 
(d) 1 inch = 25 .4  mm. 
TABLE 12.4 .  -Spot  W e l d  Maxirnum UcIsiEn Shear Strength 
in  Panel  for Bare  and Clad Aluminum Allovs (a. b. cl  
. .  
Source 
~ 
Alloy 
Nominal thickness 
of thinner sheet ,  
inch (e) 
0.010 
0.012 
0.016 
0.020 
0.025 
0.032 
0.040 
0.050 
0.063 
e, Q?l 
0.080 
0.090 
0.300 
0.125 
0.160 
9.190 
0.250 
0.412 
Ref. 12.6 
Alumi num Alloys 
,Material ul t ima 
- > 56 
ksi 
48 
60 
88 
112 
148 
208 
276 
372 
536 
660 
820 
1004 
1192 
1424 
1696 
2496 
3224 
5880 
20’ to 5 6  
ks i 
40 
52 
80 
108 
140 
188 
248 
344 
488 
576 
684 
800 
936 
10’72 
1300 
1952 
2592 
5120 
v 
! tensi le  s t r  
f 9 . 5  to  28 
k s i  
- 
24 
56 
80 
116 
168 
240 
320 
456 
516 
612 
696 
752 
800 
840 
- - 
- 
ngth (d) 
< 19.5 
k s i  = 
- 
16 
40 
64  
88 
132 
180 
236 
316 
360 
420 
476 
540 
588 
628 - 
- 
- 
(a) The reduction in  s t rength  of spotwelds due to cumulative 
effects of t ime - t empera ture  ,- stress fac tors  is not 
g rea t e r  than the reduction in s t rength  of thc parent  metal. 
(b) Strength !lased on 80 percent  of min imum values  szec i f ied  
in MIL-W-6858. 
(c) The allowable tensile s t rength of spotwelds is 25 percent  
of the shpar st rength.  
(d) 1 ksi = 0.70’307 kg/r i i rn-  
(e) 1 inch = 25 .4  mm. 
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TABLE 12.5. - S~ccifications for Aluminum Rivets 
Sour c e 
Products 
Rivets 
Rivets, blind 
Rivet, wire 
$ource 
R ( * i s ,  12.1, 12.3 
? -  
Federal 
FF-R- S56a - - - - - 
QQ-A-430-1 
-r 
Military 
MIL-R-115OA-1 
MIL-R-5674B-1 
MIL-R- 1222 1 B 
WL- R- 7 88 5A- 1 
MIL-R-8814-1 
MIL-R-27384 - 
AMS 
72206 
7222C 
7223 
c 
c - 
- 
TABLE 12.6. - F,, (Average) for  Driven Rivets ( c )  
Alloy and 
Temper before 
Driving (a) 
11 00-r-114 
20170T4 
2017eT4 
2024-T4 
21 1 7 - T4 
5056-H32 
6053-T61 
6061.T4 
6061-T6 
6061-TA 
7277-T4 
Ref. 12.11 
r 
Driving Procedure 
-.  - i 
Cold, as received 
Cold, as  received 
Cold, immediately after quenching 
Cold, immediately sfter quenching 
Cold, as received 
Cold, as reqeived 
Cold, as received 
Cold, immediately after quenching 
Hot, 990' to 1050'F ($3Zo-566OC) 
Cold, as received 
Hot, 850' to 975'F (454°--5240C) 
Alloy and 
T enipe r af te r 
Driving 
1100-F 
2017-T3 
2017-T31. 
2024mT31 
2117-T3 
50560H321 
6053cT61 
6061eT31 
6061 - T43 
6061-T6 
72 77- "41 
(a) These designations should be used when ordering rivets. 
(b) Immediately after driving, the shear strengths of these rivets are about 
7570 of thg values shown. On standing at ambient temperatures, they 
age harden to develop f u l l  shear strength. This action takes about 4 
days fqr 2017-T31 and 2024wT31, rivets. Values shown for 6Q6lUT31 
and 6061.T43 rivets are attained in abmt 2 weeks, Values of 26 lqsi 
are attained by 6061-T31 rivets about 4 months after drivjng.Valuep 
shown for 7277-T41 rivets z5r0 attained in about one week. 
driven with hcads requiring m o r e  pressure may be expected to develop 
slightly higher strengths. 
(d) 1 ksi = 0.70307 kg/mma. 
(c) These valucs are for rivets driven with core point heads, Rivets 
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FIGURE 12.1. - Maximum static strength of typical single s&twelda 
in Clad 7075-T6 sheet  of various thicknesses. 
(Ref. 12.6)  
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FIGURE 12.2. - Efficiency of the parent metal  in tension 
for spotwelded aluminum alloye, 
(Ref. 12.6)  
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